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Descrlptl n 

Technical Held 

5 The invention relates to materials and methodologies for managing the spread of non-A, non-B hepatitis 
virus (NANBV) infection. More specifically, it relates to diagnostic DNA fragments, diagnostic proteins, 
diagnostic antibodies and protective antigens and antibodies for an etiologic agent of NANB hepatitis, i.e., 
hepatitis C virus. 
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50 

Background Art 

Non-A, Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believ d to be 
viral-induced, and that are distinguishable from other forms of viral-associated liver diseas s, including that 
55 caused by the known hepatitis viruses, i.e., hepatitis A virus (HAV), hepatitis B virus (HBV). and delta 
hepatitis virus (HDV), as well as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus 
(EBV). NANBH was first identified in transfused individuals. Transmission from man to chimpanz e and 
serial passage in chimpanzees provided evidence that NANBH is due to a transmissible infectious agent or 
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agents. However, the transmissible agent r sponsible for NANBH is still unidentified and the number of 
agents which ar causative of the dis ase are unknown. 

Epid miologic videnc is suggestive that there may be three types of NANBH: the water-borne 
epidemic type; the blood or needle associated type; and the sporadically occurring (community acquired) 

5 type. How ver, the number of agents which may be the causative of NANBH are unknown. 

Clinical diagnosis and identification of NANBH has been accomplished primarily by exclusion of other 
viral markers. Among the methods used to detect putative NANBV antigens and antibodies are agar-gel 
diffusion, counterimmunoelectrophoresis, immunofluorescence microscopy, immune electron microscopy, 
radioimmunoassay, and enzyme-linked immunosorbent assay. However, none of these assays has proved 

to to be sufficiently sensitive, specific, and reproducible to be used as a diagnostic test for NANBH. 

Until now there has been neither clarity nor agreement as to the identity or specificity of the antigen 
antibody systems associated with agents of NANBH. This is due, at least in part, to the prior or co-infection 
of HBV with NANBV in individuals, and to the known complexity of the soluble and particulate antigens 
associated with HBV, as well as to the integration of HBV DNA into the genome of liver cells. In addition, 

75 there is the possibility that NANBH is caused by more than one infectious agent, as well as the possibility 
that NANBH has been misdiagnosed. Moreover, it is unclear what the serological assays detect in the 
serum of patients with NANBH. H has been postulated that the agar-gel diffusion and counterimmunoelec- 
trophoresis assays detect autoimmune responses or non-specific protein interactions that sometimes occur 
between serum specimens, and that they do not represent specific NANBV antigen-antibody reactions. The 

20 immunofluo rescen ce, and enzyme-linked immunosorbent, and radioimmunoassays appear to detect iow 
levels of a rheumatoid-factor-like material that is frequently present in the serum of patients with NANBH as 
well as in patients with other hepatic and nonhepatic diseases. Some of the reactivity detected may 
represent antibody to host-determined cytoplasmic antigens. 

There are a number of candidate NANBV. See, for example the reviews by Prince (1983), Feinstone 

25 and Hoofnagle (1984), and Overby (1985, 1986, 1987) and the article by Iwarson (1987). However, there is 
no proof that any of these candidates represent the etiological agent of NANBH. 

The demand for sensitive, specific methods for screening and identifying carriers of NANBV and 
NANBV contaminated blood or blood products is significant Post-transfusion hepatitis (PTH) occurs in 
approximately 10% of transfused patients, and NANBH accounts for up to 90% of these cases. The major 

30 problem in this disease is the frequent progression to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by blood and blood products or by 
close personal contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and 
antibodies related to NANBV. In addition, there is also a need for effective vaccines and immunotherapeutic 
therapeutic agents for the prevention and/or treatment of the disease. 

35 

Disclosure of the Invention 

The invention pertains to the isolation and characterization of a newly discovered etiologic agent of 
NANBH, hepatitis C virus (HCV). More specifically, the invention provides a family of cDNA replicas of 

40 portions of HCV genome. These cDNA replicas were isolated by a technique which included a novel step of 
screening expression products from cDNA libraries created from a particulate agent in infected tissue with 
sera from patients with NANBH to detect newly synthesized antigens derived from the genome of the 
heretofore unisolated and uncharacterized viral agent, and of selecting clones which produced products 
which reacted immunologically only with sera from infected individuals as compared to non-infected 

45 individuals. 

Studies of the nature of the genome of the HCV, utilizing probes derived from the HCV cDNA, as well 
as sequence information contained within the HCV cDNA, are suggestive that HCV is a Flavivirus or a Flavi- 
like virus. 

Portions of the cDNA sequences derived from HCV are useful as probes to diagnose the presence of 
so virus in samples, and to isolate naturally occurring variants of the virus. These cDNAs also make available 
polypeptide sequences of HCV antigens encoded within the HCV genome(s) and permits the production of 
polypeptides which are useful as standards or reagents in diagnostic tests and/or as components of 
vaccines. Antibodies, both polyclonal and monoclonal, directed against HCV epitopes contained within these 
polypeptid sequences ar also useful for diagn stic tests, as therapeutic agents, for screening of antiviral 
55 agents, and for the isolation of the NANBV agent from which these cDNAs derive. In addition, by utilizing 
probes derived from these cDNAs it is possible to isolate and sequence other portions of the HCV genome, 
thus giving rise to additional probes and polypeptides which ar useful in th diagnosis and/or treatment, 
both prophylactic and therapeutic, of NANBH. 
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Thus, the invention provides a polypeptid in substantially isolated form comprising a contiguous 
sequence of at least 10 amino acids encoded by the genome hepatitis C virus (HCV) and comprising an 
antigenic determinant, wherein HCV is characterized by: 
(i) a positive stranded RNA genome; 
5 (ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 amino 
acid sequence in Figure 14. 

The invention also provides a polynucleotide in substantially isolated form comprising a contiguous 
sequence of nucleotides which is capable of selectively hybridizing to the genome of hepatitis C virus 
to (HCV) or the complement thereof, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 amino 
acid sequence in Figure 14. 

T5 The invention also provides a DNA polynucleotide encoding a polypeptide, which polypeptide com- 
prises a contiguous sequence of at least 10 amino acids encoded by the genome of hepatitis C virus (HCV) 
and comprising an antigenic determinant, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

20 (iii) said polyprotein apprising an amino acid sequence having at least 40% homology to the 859 amino 
add sequence in Figure 14. 

The invention also provides a hepatitis C virus (HCV) immunoassay antigen fixed to a solid phase, 
wherein HCV is characterized by: 
(i) a positive standard RNA genome; 
25 (ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 amino 
acid sequence in Figure 14; 

said antigen comprising an antigenic determinant immunologically reactive with an anti-HCV antibody, 
wherein 

30 (a) said anti-HCV antibody is immunologically reactive with a reference antigenic determinant (i) encoded 
by an HCV cDNA insert in the lambda-gtl 1 library deposited with the American Type Culture Collection 
(ATCC) under accession no. 40394, or (ii) found in Figure 47; and 

(b) said reference antigenic determinant is immunologically reactive with sera from HCV-infected 
humans. 

35 The invention also provides an immunoassay for detecting antibody against hepatitis C virus (HCV) 
(anti-HCV antibody), which immunoassay comprises: 

(a) providing a polypeptide comprising an antigenic determinant bindable by said anti-HCV antibody, 
wherein said antigenic determinant comprises a contiguous amino acid sequence encoded by the HCV 
genome and wherein HCV is characterized by: 

40 (i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14 t 

(b) incubating a biological sample with said polypeptide under conditions that allow for the formation of 
45 antibody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising said polypeptide is formed. 

The invention further relates to: a purified HCV polynucleotide; a recombinant HCV polynucleotide; a 
recombinant polynucleotide comprising a sequence derived from an HCV genome or from HCV cDNA; a 
recombinant polynucleotide encoding an epitope of HCV; a recombinant vector containing any of the above 

so recombinant polynucleotides, and a host cell transformed with any of these vectors. 

The invention further relates to: a recombinant expression system comprising an open reading frame 
(ORF) of DNA derived from an HCV genome or from HCV cDNA, wherein the ORF is operably linked to a 
control sequence compatible with a desired host, a cell transformed with the recombinant xpression 
system, and a polypeptide produced by th transformed cell. 

65 The invention can be utilized to obtain purified HCV particles, a preparation of polypeptides from the 
purified HCV; a purified HCV polypeptide; a purified polypeptide comprising an epitope which is im- 
munologically identifiable with an pitope contain d in HCV. 
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The invention also relates to a recombinant HCV polypeptide; a r combinant polypeptide comprised of 
a sequence derived from an HCV genome or from HCV cDNA; a recombinant polypeptide comprised of an 
HCV epitope; and a fusion polypeptide Comprised of an HCV polypeptide. 

The invention also relates to an anti-HCV antibody composition comprising antibodies that bind said 
s antigenic determinant of a polypeptide according to the invention which is (a) a purified preparation of 
polyclonal antibodies, or (b) a monoclonal antibody composition. 

The invention also relates to a particle which is immunogenic against HCV infection comprising a non- 
HCV polypeptide having an amino acid sequence capable of forming a particle when said sequence is 
produced in a eukaryotic host, and an HCV epitope. The invention also relates to a polynucleotide probe for 
70 HCV, the probe comprising a polynucleotide of the invention which further comprises a detectable label. 
The invention also relates to a polymerase chain reaction (PCR) kit comprising a pair of primers capable of 
priming the synthesis of cDNA in a PCR reaction where each of the primers is a polynucleotide according 
to the invention. The invention also finds application in the production of kits such as those for assaying a 
sample for the presence or absence of HCV polynucleotides by (a) contacting the sample with a probe 
75 comprising a polynucleotide of the invention, for example one containing about 8 or more nucleotides, 
under conditions that allow the selective hybridization of said probe to an HCV polynucleotide or the 
compliment thereof in the sample; and (b) detecting any polynucleotide duplexes comprising said probe. 

Other aspects to which the invention relates are: a polypeptide comprised of an HCV epitope, attached 
to a solid substrate; and an antibody to an HCV epitope, attached to a solid substrate. 
20 Still other aspects to which the invention relates are: a method for producing a polypeptide containing 
an HCV epitope comprising incubating host cells transformed with an expression vector containing a 
sequence encoding a polypeptide containing an HCv epitope under conditions which allow expression of 
said polypeptide; and a polypeptide containing an HCV epitope produced by this method. 

The invention also relates to a method for detecting HCV nucleic acids in a sample comprising reacting 
25 nucleic acids of the sample with a probe for an HCV polynucleotide under conditions which allow the 
formation of a polynucleotide duplex between the probe and the HCV nucleic acid from the sample; and 
detecting a polynucleotide duplex which contains the probe. 

Immunoassays are also included in the invention. These include an immunoassay for detecting an HCV 
antigen comprising (a) providing an antibody composition according to the invention; (b) incubating a 
30 sample with the antibody composition under conditions that allow for the formation of an antibody-antigen 
complex; and (c) detecting antibody-antigen complexes comprising the anti-HCV antibodies. The invention 
also provides an immunoassay for detecting antibodies directed against an HCV antigen comprising (a) 
providing a polypeptide comprising an antigenic determinant bindable by said anti-HCV antibody, wherein 
said antigenic determinant comprises a contiguous amino acid sequence encoded by said genome; (b) 
35 incubating a biological sample with said polypeptide under conditions that allow for the formation of an 
antibody-antigen complex; and (c) detecting antibody-antigen complexes comprising said polypeptide. 

The invention also provides vaccine compositions for treatment of HCV infection comprising an 
immunogenic peptide Containing an HCV epitope, or an inactivated preparation of HCV, or an attenuated 
preparation of HCV. 

40 An application of the invention is a tissue culture grown cell infected with HCV and the invention 
includes a method of growing HCV by providing cells, e.g. hepatocytes or macrophages, infected with HCV 
and propagating such cells in vitro. 

Yet another application of the invention is its use in a method for producing antibodies to HCV 
comprising administering to an individual an isolated immunogenic polypeptide containing an HCV epitope 

4$ in an amount sufficient to produce an immune response. 

Still another application of the invention is a method for isolating cDNA derived from the genome of an 
unidentified infectious agent, comprising: (a) providing host cells transformed with expression vectors 
containing a cDNA library prepared from nucleic acids isolated from tissue infected with the agent and 
growing said host cells under conditions which allow expression of polypeptide(s) encoded in. the cDNA; (b) 

so interacting the expression products of the cDNA with an antibody containing body component of an 
individual infected with said infectious agent under conditions which allow an immunoreaction, and detecting 
antibody-antigen complexes formed as a result of the interacting; (c) growing host cells which express 
polypeptides that form antibody-antigen complexes in step (b) under conditions which allow their growth as 
individual clones and isolating said clones; (d) growing cells from the clon s of (c) und r conditions which 

55 allow expression of polypeptide(s) encoded within the cDNA, and interacting the expression products with 
antibody containing body components of individuals other than the individual in step (a) who are infected 
with the infectious agent and with control individuals uninfected with the agent, and detecting antibody- 
j antigen complexes formed as a result of the interacting; (e) growing host cells which xpress polypeptides 
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that form antibody-antigen complexes with antibody containing body components of infected individuals and 
individuals suspected of being infected, and not with said components of control individuals, under 
conditions which allow their growth as individual clones and isolating said clones; and (f) isolating th cDNA 
from the host cell clones of (e). 

5 

Brief Description of the Drawings 

Fig. 1 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 5-1-1, and the 
putative amino acid sequence of the polypeptide encoded therein. 
10 Fig. 2 shows the homologies of the overlapping HCV cDNA sequences in clones 5-1-1, 81, 1-2, and 91. 

Fig. 3 shows a composite sequence of HCV cDNA derived from overlapping clones 81, 1-2, and 91, and 
the amino acid sequence encoded therein. 

Fig. 4 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 81 , and the 
putative amino acid sequence of the polypeptide encoded therein. 
is Fig. 5 shows the HCV cDNA sequence in clone 36, the segment which overlaps the NANBV cDNA of 
clone 81, and the polypeptide sequence encoded within clone 36. 

Fig. 6 shows the combined ORF of HCV cDNAs in clones 36 and 81, and the polypeptide encoded 
therein. 

Fig. 7 shows the HCV cDNA sequence in clone 32, the segment which overlaps clone 81, and the 
20 polypeptide encoded therein. 

Fig. 8 shows the HCV cDNA sequence in clone 35, the segment which overlaps clone 36, and the 
polypeptide encoded therein. 

Fig. 9 shows the combined ORF of HCV cDNAs in clones 35, 36, 81, and 32, and the polypeptide 
encoded therein. 

?5 Fig. 10 shows the HCV cDNA sequence in clone 37b, the segment which overlaps clone 35, and the 
polypeptide encoded therein. 

Fig. 11 shows the HCV cDNA sequence in clone 33b, the segment which overlaps clone 32, and the 
polypeptide encoded therein. 

Fig. 12 shows the HCV cDNA sequence in clone 40b, the segment which overlaps clone 37b, and the 
30 polypeptide encoded therein. 

Fig. 13 shows the HCV cDNA sequence in clone 25c, the segment which overlaps clone 33b, and the 
polypeptide encoded therein. 

Fig. 14 shows the nucleotide sequence and polypeptide encoded therein of the ORF which extends 
through the HCV cDNAs in clones 40b, 37b, 35, 36, 81, 32, 33b, and 25c. 
35 Fig. 15 shows the HCV cDNA sequence in clone 33c, the segment which overlaps clones 40b and 33c, 
and the amino acids encoded therein. 

Fig. 16 shows the HCV cDNA sequence in clone 8h, the segment which overlaps clone 33c, and the 
amino acids encoded therein. 

Fig. 17 shows the HCV cDNA sequence in clone 7e, the segment which overlaps clone 8h, and the 
40 amino acids encoded therein. 

Fig. 18 shows the HCV cDNA sequence in clone 14c, the segment which overlaps clone 25c, and the 
amino acids encoded therein. 

Ftg. 19 shows the HCV cDNA sequence in clone 8f, the segment which overlaps clone 14c, and the 
amino acids encoded therein. 
45 Fig. 20 shows the HCV cDNA sequence in clone 33f, the segment which overlaps clone 8f, and the 
amino acids encoded therein. 

Fig. 21 shows the HCV cDNA sequence in clone 33g, the segment which overlaps clone 33f, and the 
amino acids encoded therein. 

Fig. 22 shows the HCV cDNA sequence in clone 7f, the segment which overlaps the sequence in clone 
so 7e, and the amino acids encoded therein. 

Fig. 23 shows the HCV cDNA sequence in clone 11b, the segment which overlaps the sequence in 
clone 7f, and the amino acids encoded therein. 

Fig. 24 shows the HCV cDNA sequence in clone 14i, the segment which overlaps the sequence in clone 
11b, and the amino acids encoded th r in. 
55 Fig. 25 shows the HCV cDNA sequence in clone 39c, the segment which overlaps the sequence in 
clone 33g, and the amino acids encoded therein. 

Fig. 26 shows a composite HCV cDNA sequence derived from the aligned cDNAs in clones 14i, 11b, 7f, 
7e, 8h, 33c 40b 37b 35 36, 81, 32, 33b, 25c, 14c, 8f, 33f, 33g and 39c also shown is the amino acid 
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sequence of the polypeptide encoded in the extended ORF in the derived sequence. 

Fig. 27 shows the sequence of th HCV cDNA in clone 12f, the segment which overlaps clone I4i, and 
the amino acids ncoded therein. 

Fig. 28 shows the sequence of the HCV cDNA in clone 35f, the segment which overlaps clone 39c, and 
6 the amino acids encoded therein. 

Fig. 29 shows the sequence of the HCV cDNA in clone 19g, the segment which overlaps clon 35f, and 
the amino acids encoded therein. 

Fig. 30 shows the sequence of clone 26g, the segment which overlaps clone 19g, and the amino acids 
encoded therein. 

ro Fig. 31 shows the sequence of clone 15e, the segment which overlaps clone 26g, and the amino acids 
encoded therein. 

Fig. 32 shows the sequence in a composite cDNA, which was derived by aligning clones 12f through 
15e in the 5' to 3' direction; it also shows the amino acids encoded in the continuous ORF. 

Fig. 33 shows a photograph of Western blots of a fusion protein, SOD-NANB5-1-1, with chimpanzee 
75 serum from chimpanzees infected with BB-NANB, HAV, and HBV. 

Fig. 34 shows a photograph of Western blots of a fusion protein, SOD-NANB5-1-1, with serum from 
humans infected with NANBV, HAV, HBV, and from control humans. 

Fig. 35 is a map showing the significant features of the vector pAB24. 

Fig. 36 shows the putative amino acid sequence of the carboxy-terminus of the fusion polypeptide 
20 CI 00-3 and the nucleotide sequence encoding it 

Fig. 37A is a photograph of a coomassie blue stained polyacrylamide gel which identifies C100-3 
expressed in yeast. 

Fig. 37B shows a Western blot of C 100-3 with serum from a NANBV infected human. 
Fig. 38 shows an autoradiograph of a Northern blot of RNA isolated from the liver of a BB-NANBV 
25 infected chimpanzee, probed with BB-NANBV cDNA of clone 81 . 

Fig. 39 shows an autoradiograph of NANBV nucleic acid treated with RNase A or DNase I, and probed 
with BB-NANBV cDNA of clone 81. 

Fig. 40 shows an autoradiograph of nucleic acids extracted from NANBV particles captured from 
infected plasma with anti-NANBs-1-1, and probed with ^P-labeled NANBV cDNA from clone 81. 
30 Fig. 41a and b shows autoradiography of filters containing isolated NANBV nucleic acids, probed with 
^P-labeled plus and minus strand DNA probes derived from NANBV cDNA in clone 81 . 

Fig. 41-1 shows the homologies between a polypeptide encoded in HCV cDNA and an NS protein from 
Dengue flavivirus. 

Fig. 43 shows a histogram of the distribution of HCV infection in random samples, as determined by an 
35 ELISA screening. 

Fig. 44 shows a histogram of the distribution of HCV infection in random samples using two 
configurations of immunoglobulin-enzyme conjugate in an ELISA assay. 

Fig. 45 shows the sequences in a primer mix, derived from a conserved sequence in NS1 of 
flaviviruses. 

40 Fig. 46 shows the HCV cDNA sequence in clone k9-1, the segment which overlaps the cDNA in Fig. 27, 
and the amino acids encoded therein. 

Fig. 47 shows the sequence in a composite CDNA which was derived by aligning clones k9-1 through 
15e in the 5' to 3' direction; it also shows the amino acids encoded in the continuous ORF. 

45 I. Definitions 

The term "hepatitis C virus" has been reserved by workers in the field for an heretofore unknown 
etiologic agent of NANBH. Accordingly, as used herein, "hepatitis C virus" (HCV) refers to an agent 
causitive of NANBH, which agent is a virus characterised by:(i) a positive stranded RNA genome; (ii) said 

so genome comprising an open reading frame (ORF) encoding a polyprotein; and (iii) the portion of said 
polyprotein corresponding to Figure 14 having at least 40% homology to the amino acid sequence in Figure 
14. This agent was formerly referred to as NANBV and/or BB-NANBV. The terms HCV, NANBV, and BB- 
NANBV are used interchangeably herein, but all r fer to the virus as defined above. As an extension of this 
terminology, the disease caused by HCV, formerly Called NANB hepatitis (NANBH), is called hepatitis C. 

65 The terms NANBH and hepatitis C may be used interchangeably herein. 

The term "HCV", as used herein, denotes a viral species which causes NANBH, and attenuated strains 
or defective interfering particl s d rived therefrom. As shown infra., the HCV genome is comprised of RNA. 
It is known that RNA containing viruses hav relatively high rates of spontaneous mutation, i. .. reportedly 
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on the order of 10~ 3 to 10" 4 per nucleotide (Fields & Knipe (1986)). Therefore, there ar multiple strains 
within the HCV species described infra. The compositions and methods described herein, enable the 
propagation, identification, detection, and isolation of the various related strains. Moreover, they also allow 
the preparation of diagnostics and vaccines for the various strains, and hav utility in screening procedures 

5 for anti-viral agents for pharmacologic use in that they inhibit replication of HCV. 

The information provided herein, although derived from one strain of HCV, hereinafter referred to as 
CDC/HCV1 , is sufficient to allow a viral taxonomist to identify other strains which fall within the species. As 
described herein, we have discovered that HCV is a Flavivirus or Flavi-like virus. The morphology and 
composition of Flavivirus particles are known, and are discussed in Brinton (1986). Generally, with respect 

ro to morphology, Flaviviruses contain a central nucleocapsid surrounded by a lipid bilayer. Virions are 
spherical and have a diameter of about 40-50 nm. Their cores are about 25-30 nm in diameter. Along the 
outer surface of the virion envelope are projections that are about 5-10 nm long with terminal knobs about 2 
nm in diameter. 

HCV encodes an epitope which is immunologically identifiable with an epitope in the HCV genome from 

75 which the cDNAs described herein are derived; preferably the epitope is encoded in a cDNA described 
herein. The epitope is unique to HCV when compared to other known Flaviviruses. The uniqueness of the 
epitope may be determined by its immunological reactivity with HCV and lack of immunological reactivity 
with other Flavivirus species. Methods for determining immunological reactivity are known in the art, for 
example, by radioimmunoassay, by Elisa assay, by hemagglutination, and several examples of suitable 

20 techniques for assays are provided herein. 

In addition to the above, the following parameters are applicable, either alone or in combination, in 
identifying a strain as HCV. Since HCV strains are evolutionarily related, it is expected that the overall 
homology of the genomes at the nucleotide level will be 40% or greater, preferably 60% or greater, and 
even more preferably 80% or greater; and in addition that there will be corresponding contiguous 

25 sequences of at least about 13 nucleotides. The correspondence between the putative HCV strain genomic 
sequence and the CDC/HCV1 cDNA sequence can be determined by techniques known in the art. For 
example, they can be determined by a direct comparison of the sequence information of the polynucleotide 
from the putative HCV, and the HCV cDNA sequence(s) described herein. For example, also, they can be 
determined by hybridization of the polynucleotides under conditions which form stable duplexes between 

30 homologous regions (for example, those which would be used prior to Si digestion), followed by digestion 
with single stranded specific nuclease(s), followed by size determination of the digested fragments. 

Because of the evolutionary relationship of the strains of HCV, putative HCV strains are identifiable by 
their homology at the polypeptide level. Generally, HCV strains are more than 40% homologous, preferably 
more than 60% homologous, and even more preferably more than 80% homologous at the polypeptide 

35 level. The techniques for determining amino acid sequence homology are known in the art. For example, 
the amino acid sequence may be determined directly and compared to the sequences provided herein. For 
example also, the nucleotide sequence of the genomic material of the putative HCV may be determined 
(usually via a CDNA intermediate); the amino acid sequence encoded therein can be determined, and the 
corresponding regions compared. 

40 As used herein, a polynucleotide "derived from" a designated sequence, for example, the HCV cDNA, 
particularly those exemplified in the sequences of Figs. 1-47, or from an HCV genome, refers to a 
polynucleotide sequence which is comprised of a sequence of approximately at least 6 nucleotides, is 
preferably at least 8 nucleotides, is more preferably at least 10-12 nucleotides, and even more preferably at 
least 15-20 nucleotides corresponding, i.e., homologous to or complementary to, a region of the designated 

45 nucleotide sequence. Preferably, the sequence of the region from which the polynucleotide is derived is 
homologous to or complementary to a sequence which is unique to an HCV genome. Whether or not a 
sequence is unique to the HCV genome can be determined by techniques known to those of skill in the art. 
For example, the sequence can be compared to sequences in databanks, e.g., Genebank, to determine 
whether it is present in the uninfected host or other organisms. The sequence can also be compared to the 

50 known sequences of other viral agents, including those which are known to induce hepatitis, e.g., HAV, 
HBV, and HDV, and to other members of the Flaviviridae. The correspondence or non-correspondence of 
the derived sequence to other sequences can also be determined by hybridization under the appropriate 
stringency conditions. Hybridization techniques for determining th complementarity of nucleic acid se- 
quences are known in the art, and ar discussed infra See also, for xample, Maniatis et a). (1982). In 

65 addition, mismatches of duplex polynucleotides formed by hybridization can be d termined by known 
techniques, including for xample, digestion with a nuclease such as S1 that specifically digests single- 
stranded areas in duplex polynucleotides. Regions from which typical DNA sequences may be "derived" 
include but are not limited to, for xample, regi ns encoding specific epitopes, as well as n n-transcribed 
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and/or non-translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, 
but may be generated in any manner, including for example, chemical synthesis or DNA replication or 
r v rse transcription r transcription, which are based on the information provided by the sequence of 
5 bases in the region(s) from which the polynucleotide is derived. In addition, combinations of regions 
corr sponding to that of the designated sequence may be modified in ways known in the art to be 
consistent with an intended use. 

Similarly, a polypeptide or amino acid sequence derived from a designated nucleic acid sequence, for 
example, the sequences in Figs. 1-47, or from an HCV genome, refers to a polypeptide having an amino 
10 acid sequence identical to that of a polypeptide encoded in the sequence, or a portion thereof wherein the 
portion consists of at least 3-5 amino acids, and more preferably at least 8-10 amino acids, and even more 
preferably at least 11-15 amino acids, or which Is immunologically Identifiable with a polypeptide encoded 
in the sequence. 

A recombinant or derived polypeptide is not necessarily translated from a designated nucleic acid 
75 sequence, for example, the sequences in Figs. 1-47, or from an HCV genome; it may be generated in any 
manner, including for example, chemical synthesis, or expression of a recombinant expression system, or 
isolation from mutated HCV. 

The term "recombinant polynucleotide" as used herein intends a polynucleotide of genomic, cDNA, 
semisynthetic, or synthetic origin which, by virtue of its origin or manipulation: (1) is not associated with all 
20 or apportion of-the polynucleotide with which it Is associated In nature or in the form of a library; and/or (2) is 
linked to a polynucleotide other than that to which it is linked in nature. 

The term "polynucleotide" as used herein refers to a polymeric form of nucleotides of any length, either 
ribonucleotides or deoxyribonucleotides. This term refers only to the primary structure of the molecule. 
Thus, this term includes double- and single-stranded DNA, as well as double- and single stranded RNA. It 
25 also includes modified, for example, by methylation and/or by capping, and unmodified forms of the 
polynucleotide. 

As used herein, the term "HCV containing a sequence corresponding to a CDNA" means that the HCV 
contains a polynucleotide sequence which is homologous to or complementary to a sequence in the 
designated DNA; the degree of homology or complementarity to the cDNA will be approximately 50% or 

30 greater, will preferably be at least about 70%, and even more preferably will be at least about 90%. The 
sequences which correspond will be at least about 70 nucleotides, preferably at least about 80 nucleotides, 
and even more preferably at least about 90 nucleotides in length. The correspondence between the HCV 
sequence and the cDNA can be determined by techniques known in the art, including, for example, a direct 
comparison of the sequenced material with the cDNAs described, or hybridization and digestion with single 

35 strand nucleases, followed by size determination of the digested fragments. 

Techniques for purifying viral polynucleotides from viral particles are known in the art, and include for 
example, disruption of the particle with a chaotropic agent, and separation of the polynucleotide^) and 
polypeptides by ion-exchange chromatography, affinity chromatography, and sedimentation according to 
density. 

40 Techniques for purifying viral polypeptides are known in the art, and examples of these techniques are 
discussed infra. 

"Recombinant host cells", "host cells", "cells", "ceil lines", "cell cultures:, and other such terms 
denoting microorganisms or higher eukaryotic cell lines cultured as unicellular entities refer to cells which 
can be, or have been, used as recipients for recombinant vector or other transfer DNA, and include the 

4s progeny of the original cell which has been transferred. It is understood that the progeny of a single 
parental cell may not necessarily be completely identical in morphology or in genomic or total DNA 
complement as the original parent, due to accidental or deliberate mutation. Progeny of the parental cell 
which are sufficiently similar to the parent to be characterized by the relevant property, such as the 
presence of a nucleotide sequence encoding a desired peptide, are included in the progeny intended by 

50 this definition, and are covered by the above terms. 

A "rep I icon" is any genetic element, e.g., a plasmid, a chromosome, a virus, that behaves as an 
autonomous unit of polynucleotide replication within a cell; i.e., capable of replication under its own control. 

A "vector" is a replicon in which anoth r polynucleotide segment is attach d, so as to bring about the 
r plication and/or expression of the attached segment. 

55 "Control sequence" refers t polynucleotide sequences which are necessary to effect the expression of 
coding sequences to which they are ligated. Th nature of such control sequences differs depending upon 
the host organism; in prokaryotes, such control sequences g n rally include promoter, ribosomal binding 
site, and terminators; in ukaryotes, generally, such control sequences include promoters, terminators and. 
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in some instances, enhancers. The term "control sequences" is intended to include, at a minimum, all 
components whose presence is necessary for expression, and may also include additional components 
whose presence is advantageous, for xample. leader sequences. 

"Operably linked" r fers to a juxtaposition wherein the compon nts so described ar in a relationship 
5 permitting them to function in their intended manner. A control sequence "operably linked" to a coding 
sequence is ligated in such a way that expression of the coding sequence is achieved under conditions 
compatible with the control sequences. 

An "open reading frame" (ORF) is a region of a polynucleotide sequence which encodes a polypeptide; 
this region may represent a portion of a coding sequence or a total coding sequence. 
io A "coding sequence" is a polynucleotide sequence which is transcribed into mRNA and/or translated 
into a polypeptide when placed under the control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a translation start codon at the 5 f -terminus and a translation stop 
codon at the 3'-terminus. A coding sequence can include, but is not limited to mRNA. cDNA, and 
recombinant polynucleotide sequences. 
75 "Immunologically identifiable with/as" refers to the presence of epitope(s) and polypeptides(s) which are 
also present in and are unique to the designated polypeptide^), usually HCV proteins. Immunological 
identity may be determined by antibody binding and/or competition in binding; these techniques are known 
to those of average skill in the art, and are also illustrated infra. The uniqueness of an epitope can also be 
determined by computer searches of known data banks, e.g. Genebank. for the polynucleotide sequences 
20 which encode the epitope, and by amino acid sequence comparisons with other known proteins. 

As used herein, "epitope" refers to an antigenic determinant of a polypeptide; an epitope could 
comprise 3 amino acids in a spatial conformation which is unique to the epitope, generally an epitope 
consists of at least 5 such amino acids, and more usually, consists of at least 8-10 such amino acids. 
Methods of determining the spatial conformation of amino acids are known in the art, and include, for 
25 example, x-ray crystallography and 2-dimensional nuclear magnetic resonance. 

A polypeptide is "immunologically reactive" with an antibody when it binds to an antibody due to 
antibody recognition of a specific epitope contained within the polypeptide. Immunological reactivity may be 
determined by antibody binding, more particularly by the kinetics of antibody binding, and/or by competition 
in binding using as competitor(s) a known polypeptide(s) containing an epitope against which the antibody 
30 is directed. The techniques for determining whether a polypeptide is immunologically reactive with an 
antibody are known in the art. 

As used herein, the term "immunogenic polypeptide containing an HCV epitope" includes naturally 
occurring HCV polypeptides or fragments thereof, as well as polypeptides prepared by other means, for 
example, chemical synthesis, or the expression of the polypeptide in a recombinant organism. 
35 The term "polypeptide" refers to a molecular chain of amino acids and does not refer to a specific 
length of the product; thus, peptides, oligopeptides, and proteins are included within the definition of 
polypeptide. This term also does not refer to post-expression modifications of the polypeptide, for example, 
glycosylates, acetylations, phosphorylations and the like. 

"Transformation", as used herein, refers to the insertion of an exogenous polynucleotide into a host cell, 
40 irrespective of the method used for the insertion, for example, direct uptake, transduction, or f-mating. The 
exogenous polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, or 
alternatively, may be integrated into the host genome. 

"Treatment" as used herein refers to prophylaxis and/or therapy. 

An "individual", as used herein, refers to vertebrates, particularly members of the mammalian species, 
45 and includes but is not limited to domestic animals, sports animals, primates, and humans. 

As used herein, the "plus strand" of a nucleic acid contains the sequence that encodes the polypeptide. 
The "minus strand" contains a sequence which is complementary to that of the "plus strand". 

As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or 
DNA, is single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA 
so viruses include Togaviridae, Coronaviridae, Retroviridae, Picornaviridae, and Caliciviridae. Included also, are 
the Flaviviridae, which were formerly classified as Togaviradae. See Fields & Knipe (1986). 

As used herein, "antibody containing body component" refers to a component of an individual's body 
which is a source of the antibodies of interest. Antibody containing body components are known in the art, 
and include but ar not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external 
55 sections of the respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, white blood cells, and 
myelomas. 

As used herein, "purified HCV" r f rs to a pr paration of HCV which has been isolated from the cellular 
constituents with which the virus is normally associated, and from other types of viruses which may be 
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present in the infected tissue. The techniques for isolating viruses ar known to those of skill in the art, and 
, include, for example, centrifugation and affinity chromatography; a method of preparing purified HCV is 
discussed infra. 

s II. Description of the Invention 



The practice of the present invention will employ, unless otherwise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the art. 
Such techniques are explained fully in the literature. See e.g., Maniatis, Fitsch & Sambrook, MOLECULAR 
w CLONING; A LABORATORY MANUAL (1982); DNA CLONING, VOLUMES I AND II (D.N Glover ed. 1985); 
OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & 
S.J. Higgins eds. 1984); 

TRANSCRIPTION AND TRANSLATION (B.D. Hames & S.J. Higgins eds. 1984); ANIMAL CELL CULTURE 
(R.I. Freshney ed. 1986); 

75 IMMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B. Perbal, A PRACTICAL GUIDE TO MOLECU- 
LAR CLONING (1984); 

the series. METHODS IN ENZYMOLOGY (Academic Press, Inc.); 

GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and M.P. Calos eds. 1987, Cold 
Spring Harbor Laboratory), Methods in Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, 

20 eds., respectively), Mayer and Walker, eds. (1987V IMMUNOCHEMICAL METHODS !N CELL AND MOLEC- 
ULAR BIOLOGY (Academic Press, London), Scopes, (1987), PROTEIN PURIFICATION: PRINCIPLES AND 
PRACTICE, Second Edition (Springer-Verlag, N.Y.), and HANDBOOK OF EXPERIMENTAL IMMUNOLOGY, 
VOLUMES l-IV (D.M. Weir and C. C. Blackwell eds 1986). 

All patents, patent applications, and publications mentioned herein, both supra and infra, are hereby 

25 incorporated herein by reference. 

The useful materials and processes of the present invention are made possible by the provision of a 
family of closely homologous nucleotide sequences isolated from a cDNA library derived from nucleic acid 
sequences present in the plasma of an HCV infected chimpanzee. This family of nucleotide sequences is 
not of human or chimpanzee origin, since it hybridizes to neither human nor chimpanzee genomic DNA 

30 from uninfected individuals, since nucleotides of this family of sequences are present only in liver and 
plasma of chimpanzees with HCV infection, and since the sequence is not present in Genebank. In addition, 
the family of sequences shows no significant homology to sequences contained within the HBV genome. 

The sequence of one member of the family, contained within clone 5-1*1, has one continuous open 
reading frame (ORF) which encodes a polypeptide of approximately 50 amino acids. Sera from HCV 

35 infected humans contain antibodies which bind to this polypeptide, whereas sera from non-infected humans 
do not contain antibodies to this polypeptide. Finally, whereas the sera from uninfected chimpanzees do not 
contain antibodies to this polypeptide, the antibodies are induced in chimpanzees following acute NANBH 
infection. Moreover, antibodies to this polypeptide are not detected in chimps and humans infected with 
HAV and HBV. By these criteria the sequence is a cDNA to a viral sequence, wherein the virus causes or is 

40 associated with NANBH; this cDNA sequence is shown in Fig. 1. As discussed infra, the cDNA sequence in 
clone 5-1-1 differs from that of the other isolated cDNAs in that it contains 28 extra base pairs. 

A composite of other identified members of the cDNA family, which were isolated using as a probe a 
synthetic sequence equivalent to a fragment of the cDNA in clone 5-1-1, is shown in Fig. 3. A member of 
the cDNA family which was isolated using a synthetic sequence derived from the cDNA in clone 81 is 

45 shown in Fig. 5, and the composite of this sequence with that of clone 81 is shown in Fig. 6. Other 
members of the cDNA family, including those present in clones 12f, 14i, 11b, 7f, 7e, 8h t 33c, 40b, 37b, 35, 
36, 81, 32, 33b, 25c, 14c, 8f, 33f, 33g, 39c, 35f, 19g, 26g and 15e are described in Section IV A A 
composite of the cDNAs in these clones is described in Section IV.A. 19, and shown in Fig. 32. The 
composite cDNA shows that it contains one continuous ORF, and thus encodes a polyprotein. This data is 

so consistent with the suggestion, discussed infra., that HCV is a fiavivirus or flavi-like virus. Clone k9-1 
overlaps the sequence of Fig. 32. A composite cDNA is shown in Fig. 47. 

The availability of this family of cDNAs shown in Figs. 1-47, inclusive, permits the construction of DNA 
probes and polypeptides useful in diagnosing NANBH due to HCV infection and in screening blood donors 
as w II as donated blood and blood products for infection. For xample, from the sequences it is possible to 

55 synthesize DNA oligomers of about 8-10 nucleotides, or larger, which are useful as hybridization probes to 
detect the presence of the viral genom in, for example, sera of subjects suspected of harboring the virus, 
or for screening donated blood for the presence of the virus. The family of cDNA sequences also all ws the 
design and production of HCV specific polypeptides which are useful as diagnostic reagents for the 
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presence of antibodies raised during NANBH. Antibodies to purified polypeptides derived from the cDNAs 
may also be used to detect viral antigens in infected individuals and in blood. 

Knowledge of thes cDNA sequences also enable the design and production of polypeptides which may 
be used as vaccines against HCV and also for the production of antibodies, which in turn may be used for 

5 protection against the disease, and/or for therapy of HCV infected individuals. 

Moreover, the family of cDNA sequences enables further characterization of the HCV genome. 
Polynucleotide probes derived from these sequences may be used to screen cDNA libraries for additional 
overlapping cDNA sequences, which, in turn, may be used to obtain more overlapping sequences. Unless 
the genome is segmented and the segments lack common sequences, this technique may be used to gain 

to the sequence of the entire genome. However, if the genome is segmented, other segments of the genome 
can be obtained by repeating the iambda-gt11 serological screening procedure used to isolate the cDNA 
clones described herein, or alternatively by isolating the genome from purified HCV particles. 

The family of cDNA sequences and the polypeptides derived from these sequences, as well as 
antibodies directed against these polypeptides are also useful in the isolation and identification of the BB- 

15 NANBV agent(s). For example, antibodies directed against HCV epitopes contained in polypeptides derived 
from the cDNAs may be used in processes based upon affinity chromatography to isolate the virus. 
Alternatively, the antibodies may be used to identify viral particles isolated by other techniques. The viral 
antigens and the genomic material within the isolated viral particles may then be further characterized. 
The information obtained from further sequencing of the HCV genome(s), as well as from further 

20 characterization of the HCV antigens and characterization of the genome enables the design and synthesis 
of additional probes and polypeptides and antibodies which may be used for diagnosis, for prevention, and 
for therapy of HCV induced NANBH, and for screening for infected blood and blood-related products. 

The availability of probes for HCV, including antigens and antibodies, and polynucleotides derived from 
the genome from which the family of cDNAs is derived also allows for the development of tissue culture 

25 systems which will be of major use in elucidating the biology of HCV. This in turn, may lead to the 
development of new treatment regimens based upon antiviral compounds which preferentially inhibit the 
replication of, or infection by HCV. 

The method used to identify and isolate the etiologic agent for NANBH is novel, and it may be 
applicable to the identification and/or isolation of heretofore uncharacterized agents which contain a 

30 genome, and which are associated with a variety of diseases, including those induced by viruses, viroids, 
bacteria, fungi and parasites. In this method, a cDNA library was created from the nucleic acids present in 
infected tissue from an infected individual. The library was created in a vector which allowed the expression 
of polypeptides encoded in the cDNA. Clones of host cells containing the vector, which expressed an 
immunologically reactive fragment of a polypeptide of the etiologic agent, were selected by immunological 

35 screening of the expression products of the library with an antibody containing body component from 
another individual previously infected with the putative agent. The steps in the immunological screening 
technique included interacting the expression products of the cDNA containing vectors with the antibody 
containing body component of a second infected individual, and detecting the formation of antibody-antigen 
complexes between the expression product(s) and antibodies of the second infected individual. The isolated 

40 clones are screened further immunologically by interacting their expression products with the antibody 
containing body components of other individuals infected with the putative agent and with control individuals 
uninfected with the putative agent, and detecting the formation of antigen-antibody complexes with 
antibodies from the infected individuals; and the cDNA containing vectors which encode polypeptides which 
react immunologically with antibodies from infected individuals and individuals suspected of being infected 

45 with the agent, but not with control individuals are isolated. The infected individuals used for the 
construction of the cDNA library, and for the immunological screening need not be of the same species. 

The cDNAs isolated as a result of this method, and their expression products, and antibodies directed 
against the expression products, are useful in characterizing and/or capturing the etiologic agent. As 
described in more detail infra, this method has been used successfully to isolate a family of cDNAs derived 

so from the HCV genome. 

II A. Preparation of the cDNA Sequence 

Pooled serum from a chimpanz with chronic HCV infection and containing a high titer of th virus, 
55 i.e., at least 10 6 chimp infectious dos s/ml (CID/ml) was used to isolate viral particles; nucleic acids isolated 
from these particles was used as the template in the construction of a cDNA library to the viral genome. 
The procedures for isolation of putative HCV particles and for constructing the cDNA library in Iambda-gt1 1 
is discussed in Section IV.A.1. Lambda-gt11 is a vector that has been developed specifically to express 
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insert d cDNAs as fusion polypeptides with beta-galactosidase and to screen large numbers of recombinant 
phage with specific antisera raised against a defined antig n. Th tambda-gt11 cDNA library g nerated from 
a cDNA pool containing cDNA of approximat mean size of 200 base pairs was screened for n coded 
epitopes that could bind specifically with sera derived from patients who had previously experienced NANB 

5 hepatitis. Huynh, T.V. et al. (1985). Approximately 10* phages were screened, and five positive phages were 
identified, purified, and then tested for specificity of binding to sera from different humans and chimpanzees 
previously infected with the HCV agent One of the phages, 5-1-1, bound 5 of the 8 human sera tested. This 
binding appeared selective for sera derived from patients with prior NANB hepatitis infections since 7 
normal blood donor sera did not exhibit such binding. 

10 The sequence of the cDNA in recombinant phage 5-1-1 was determined, and is shown in Fig. 1. The 
polypeptide encoded by this cloned cDNA, which is in the same translations frame as the N-terminal beta- 
Galactosidase moiety of the fusion polypeptide is shown above the nucleotide sequence. This translational 
ORF, therefore, encodes an epitope(s) specifically recognized by sera from patients with NANB hepatitis 
infections. 

75 The availability of the cDNA in recombinant phage 5-1-1 has allowed for the isolation of other clones 
containing additional segments and/or alternative segments of cDNA to the viral genome. The Iambda-gt1 1 
cDNA library described supra, was screened using a synthetic polynucleotide derived from the sequence of 
the cloned 5-1-1 cDNA. This screening yielded three other clones, which were identified as 81, 1-2 and 91; 
the cDNAs contained within these clones were sequenced. See Sections IV A3, and IV A4. The homologies 

20 between the four independent clones are shown in Fig. 2, where the homologies are indicated by the 
vertical lines. Sequences of nucleotides present uniquely in clones 5-1-1, 81, and 91 are indicated by small 
letters. 

The cloned cDNAs present in recombinant phages in clones 5-1-1, 81, 1-2, and 91 are highly 
homologous, and differ in only two regions. First, nucleotide number 67 in clone 1-2 is a thymidine, whereas 
25 the other three clones contain a cytidine residue in this position. This substitution, however, does not alter 
the nature of the encoded amino acid. 

The second difference between the clones is that clone 5-1-1 contains 28 base pairs at its 5'-terminus 
which are not present in the other clones. The extra sequence may be a S'-terminal cloning artifact; 5'- 
terminal cloning artifacts are commonly observed in the products of cDNA methods. 
30 Synthetic sequences derived from the 5'-region and the 3'-region of the HCV cDNA in clone 81 were 
used to screen and isolate cDNAs from the Iambda-gt1 1 NANBV cDNA library, which overlapped clone 81 
cDNA (Section IV A5.). The sequences of the resulting cDNAs, which are in clone 36 and clone 32, 
respectively, are shown in Fig. 5 and Fig. 7. 

Similarly, a synthetic polynucleotide based on the 5* -region of clone 36 was used to screen and isolate 
35 cDNAs from the lambda gt-1 1 NANBV cDNA library which overlapped clone 36 cDNA (Section IV A8.). A 
purified clone of recombinant phage-containing cDNA which hybridized to the synthetic polynucleotide 
probe was named clone 35 and the NANBV cDNA sequence contained within this clone is shown in Fig. 8. 

By utilizing the technique of isolating overlapping cDNA sequences, clones containing additional 
upstream and downstream HCV cDNA sequences have been obtained. The isolation of these clones, is 
40 described infra in Section IV A 

Analysis of the nucleotide sequences of the HCV cDNAs encoded within the isolated clones show that 
the composite cDNA contains one long continuous ORF. Fig. 26 shows the sequence of the composite 
cDNA from these clones, along with the putative HCV polypeptide encoded therein. 

The description of the method to retrieve the cDNA sequences is mostly of historical interest. The 
45 resultant sequences (and their complements) are provided herein, and the sequences, or any portion 
thereof, could be prepared using synthetic methods, or by a combination of synthetic methods with retrieval 
of partial sequences using methods similar to those described herein. 

Lambda-gt11 strains replicated from the HCV cDNA library and from clones 5-1-1, 81, 1-2 and 91 have 
been deposited under the terms of the Budapest Treaty with the American Type Culture Collection (ATCC), 
so 12301 Parklawn Dr., Rockville, Maryland 20852, and have been assigned the following Accession Numbers. 
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Iambda-gt1 1 


ATCC No. 


Deposit Date 


HCV cDNA library 


40394 


1 Dec. 1987 


clone 81 


40388 


17 Nov. 1987 


clone 91 


40389 


17 Nov. 1987 


clone 1-2 


40390 


17 Nov. 1987 


clone 5-1-1 


40391 


18 Nov. 1987 



10 



15 



The designated deposits will be maintained for a period of thirty (30) years from the date of deposit, or 
for five (5) years after the last request for the deposit; or for the enforceable life of the U.S. patent, 
whichever is longer. These deposits and other deposited materials mentioned herein are intended for 
convenience only, and are not required to practice the present invention in view of the description here. The 
HCV cDNA sequences in all of the deposited materials are incorporated herein by reference. 

The description above, of "walking" the genome by isolating overlapping cDNA sequences from the 
HCV lambda gt-1 1 library provides one method by which cDNAs corresponding to the entire HCV genome 
may be isolated. However, given the information provided herein, other methods for isolating these cDNAs 
are obvious to one of skill in the art. Some of these methods are described in Section IV.A., infra. 



so 



25 



30 



35 



40 
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II.B. Preparation of Viral Polypeptides and Fragments 

The availability of cDNA sequences, either those isolated by utilizing the cDNA sequences in Figs. 1-32, 
as discussed infra, as well as the cDNA sequences in these figures, permits the construction of expression 
vectors encoding antigenically active regions of the polypeptide encoded in either strand. These antigeni- 
cally active regions may be derived from coat or envelope antigens or from core antigens, including, for 
example, polynucleotide binding proteins, polynucleotide polymerase^), and other viral proteins required for 
the replication and/or assembly of the virus particle. Fragments encoding the desired polypeptides are 
derived from the cDNA clones using conventional restriction digestion or by synthetic methods, and are 
ligated into vectors which may, for example, contain portions of fusion sequences such as beta-Galac- 
tosidase or superoxide dismutase (SOD), preferably SOD. Methods and vectors which are useful for the 
production of polypeptides which contain fusion sequences of SOD are described in European Patent Office 
Publication number 0196056, published October 1, 1986. Vectors encoding fusion polypeptides of SOD and 
HCV polypeptides, i.e., NANB5-1-1, NANBsi, and C100-3, which is encoded in a composite of HCV 
cDNAs, are described in Sections IV.B.1, IV.B.2, and IV.B.4, respectively. Any desired portion of the HCV 
cDNA containing an open reading frame, in either sense strand, can be obtained as a recombinant 
polypeptide, such as a mature or fusion protein; alternatively, a polypeptide encoded in the cDNA can be 
provided by chemical synthesis. 

The DNA encoding the desired polypeptide, whether in fused or mature form, and whether or not 
containing a signal sequence to permit secretion, may be ligated into expression vectors suitable for any 
convenient host. Both eukaryotic and prokaryotic host systems are presently used in forming recombinant 
polypeptides, and a summary of some of the more common control systems and host cell lines is given in 
Section IIIA, infra. The polypeptide is then isolated from lysed cells or from the culture medium and 
purified to the extent needed for its intended use. Purification may be by techniques known in the art, for 
example, salt fractionation, chromatography on ion exchange resins, affinity chromatography, centrifugation, 
and the like. See, for example, Methods in Enzymology for a variety of methods for purifying proteins. Such 
polypeptides can be used as diagnostics, or those which give rise to neutralizing antibodies may be 
formulated into vaccines. Antibodies raised against these polypeptides can also be used as diagnostics, or 
for passive immunotherapy. In addition, as discussed in Section II.J. herein below, antibodies to these 
polypeptides are useful for isolating and identifying HCV particles. 

The HCV antigens may also be isolated from HCV virions. The virions may be grown in HCV infected 
cells in tissue culture, or in an infected host. 



II.C. Preparation of Antigenic Polypeptides and Conjugation with Carrier 



65 



An antigenic region of a polypeptide is generally relatively smalMypically 8 to 10 amino acids or less in 
length. Fragments of as few as 5 amino acids may characteriz an antigenic region. These segments may 
correspond to regions of HCV antigen. Accordingly, using the cDNAs f HCV as a basis, DNAs ncoding 
short segments of HCV polypeptides can be expressed recombinants either as fusion proteins, or as 
isolated polypeptides. In addition, short amino acid sequences can be conveniently obtained by chemical 
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synthesis. In instances wherein the synthesized polypeptide is correctly configured so as to provide the 
correct epitope, but is too small to be immunogenic, the polypeptide may be linked to a suitable carrier. 

A number of techniques for obtaining such linkage are known in the art, including the formation of 
disulfide linkages using N-succinimidyl-3-(2-pyridylthio)propionate (SPDP) and succinimidyl 4-(N-mal- 

5 eimidomethyl)cyclohexane-1-carboxylate (SMCC) obtained from Pierce Company, Rockford, Illinois, (if the 
peptide lacks a sulfhydryl group, this can be provided by addition of a cysteine residue.) Th se reagents 
create a disulfide linkage between themselves and peptide cysteine residues on one protein and an amide 
linkage through the epsilonamino on a lysine, or other free amino group in the other. A variety of such 
disutfide/amide-forming agents are known. See, for example, Immun. Rev. (1982) 62:185. Other Afunctional 

70 coupling agents form a thioether rather than a disulfide linkage. Many of these thichether-forming agents are 
commercially available and include reactive esters of 6-maleimidocaproic acid, 2-bromoacetic acid, 2- 
iodoacetic acid, 4-(N-maleimidomethyl)cyclohexane-1-carboxylic acid, and the like. The carboxyl groups can 
be activated by combining them with succinimide or 1 -hydroxy l-2-nitro-4-suifonic acid, sodium salt. The 
foregoing list is not meant to be exhaustive, and modifications of the named compounds can clearly be 

75 used. 

Any carrier may be used which does not itself induce the production of antibodies harmful to the host. 
Suitable carriers are typically large, slowly metabolized macromolecules such as proteins; polysaccharides, 
such as latex functionalized sepharose, agarose, cellulose, cellulose beads and the like; polymeric amino 
acids, such as polyglutamic acid, polylysine, and the like; amino acid copolymers; and inactive virus 
20 particles, see, for example, section ILD. Especially useful protein substrates are serum aibumins, keyhoie 
limpet hemocyanin, immunoglobulin molecules, thyroglobulin, ovalbumin, tetanus toxoid, and other proteins 
well known to those skilled in the art. 

II.D. Preparation of Hybrid Particle Immunogens Containing HCV Epitopes 

25 

The immunogenicity of the epitopes of HCV may also be enhanced by preparing them in mammalian or 
yeast systems fused with or assembled with particle-forming proteins such as, for example, that associated 
with hepatitis B surface antigen. Constructs wherein the NANBV epitope is linked directly to the particle- 
forming protein coding sequences produce hybrids which are immunogenic with respect to the HCV 

30 epitope. In addition, all of the vectors prepared include epitopes specific to HBV, having various degrees of 
immunogenicity, such as, for example, the pre-S peptide. Thus, particles constructed from particle forming 
protein which include HCV sequences are immunogenic with respect to HCV and HBV. 

Hepatitis surface antigen (HBSAg) has been shown to be formed and assembled into particles in S. 
cerevisiae (Valenzuela et al. (1982)), as well as in, for example, mammalian celts (Vatenzuela, P., et aL 

35 (1984)). The formation of such particles has been shown to enhance the immunogenicity of the monomer 
subunit The constructs may also include the immunodominant epitope of HBSAg, comprising the 55 amino 
acids of the presurface (pre-S) region. Neurath et al. (1984). Constructs of the pre-S-HBSAg particle 
expressible in yeast are disclosed in EPO 174,444, published March 19, 1986; hybrids including heterolo- 
gous viral sequences for yeast expression are disclosed in EPO 175,261, published March 26, 1966. Both 

40 applications are assigned to the herein assignee, and are incorporated herein by reference. These 
constructs may also be expressed in mammalian cells such as Chinese hamster ovary (CHO) cells using an 
SV40-dihydrofolate reductase vector (Michelle et al. (1984)). 

In addition, portions of the particle-forming protein coding sequence may be replaced with codons 
encoding an HCV epitope. In this replacement, regions which are not required to mediate the aggregation of 

45 the units to form immunogenic particles in yeast or mammals can be deleted, thus eliminating additional 
HBV antigenic sites from competition with the HCV epitope. 

II.E. Preparation of Vaccines 

so Vaccines may be prepared from one or more immunogenic polypeptides derived from HCV cDNA as 
well as from the cDNA sequences in the Figs. 1-32, or from the HCV genome to which they correspond. 
The observed homology between HCV and Flaviviruses provides information concerning the polypeptides 
which are likely to be most effective as vaccines, as well as the regions of the genome in which they are 
encoded. The general structure of the Flavivirus genom is discussed in Rice et al (1986). The flavivirus 

55 g nomic RNA Is believed to be the nly virus-specific mRNA species, and it is translated into the three viral 
structural proteins, i.e., C, M, and E, as well as two large nonstructural proteins, NV4 and NV5, and a 
complex set of smaller nonstructural proteins. It is known that major neutralizing pitopes for Flaviviruses 
reside in the E (envelope) protein (Roehrig (1986)). The corresponding HCV E gene and polypeptide 
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encoding region can be predict d. based upon the homology to Flaviviruses. Thus, vaccines may be 
comprised of recombinant polypeptides containing epitopes of HCV E. These polypeptid s may be 
expr ssed in bacteria, yeast, or mammalian cells, or alternatively may be isolated from viral preparations. It 
is also anticipated that the other structural proteins may also contain epitopes which give rise to protective 

5 anti-HCV antibodies. Thus, polypeptides containing the epitopes of E, C, and M may also be used, whether 
singly or in combination, in HCV vaccines. 

In addition to the above, ft has been shown that immunization with NS1 (nonstructural protein 1), results 
in protection against yellow fever (Schlesinger et al (1986)). This is true even though the immunization does 
not give rise to neutralizing antibodies. Thus, particularly since this protein appears to be highly conserved 

ro among Flaviviruses, it is likely that HCV NS1 will also be protective against HCV infection. Moreover, it also 
shows that nonstructural proteins may provide protection against viral pathogenicity, even if they do not 
cause the production of neutralizing antibodies. 

In view of the above, multivalent vaccines against HCV may be comprised of one or more structural 
proteins, and/or one or more nonstructural proteins. These vaccines may be comprised of, for example, 

is recombinant HCV polypeptides and/or polypeptides isolated from the virions. In addition, it may be possible 
to use inactivated HCV in vaccines; inactivation may be by the preparation of viral lysates, or by other 
means known in the art to cause inactivation of Flaviviruses, for example, treatment with organic solvents or 
detergents, or treatment with formalin. Moreover, vaccines may also be prepared from attenuated HCV 
strains. The preparation of attenuated HCV strains is described infra. 

20 it is known that some of the proteins in Raviviruses contain highly conserved regions, thus, some 
immunological cross-reactivity is expected between HCV and other Raviviruses. It is possible that shared 
epitopes between the Raviviruses and HCV will give rise to protective antibodies against one or more of the 
disorders caused by these pathogenic agents. Thus, it may be possible to design multipurpose vaccines 
based upon this knowledge. 

25 The preparation of vaccines which contain an immunogenic polypeptide(s) as active ingredients, is 
known to one skilled in the art. Typically, such vaccines are prepared as injectables, either as liquid 
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid prior to injection may 
also be prepared. The preparation may also be emulsified, or the protein encapsulated in liposomes. The 
active immunogenic ingredients are often mixed with excipients which are pharmaceutically acceptable and 

30 compatible with the active ingredient. Suitable excipients are, for example, water, saline, dextrose, glycerol, 
ethanol, or the like and combinations thereof. In addition, if desired, the vaccine may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents, pH buffering agents, and/or adjuvants which 
enhance the effectiveness of the vaccine. Examples of adjuvants which may be effective include but are not 
limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor- 

35 muramyl-L-alanyl-D-isoglutamine (CGP 11637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglut 
aminyl-L-alanine-2-(1 , -2 , -dipalmitoyl-snglyc»ro-3-hydroxyphosphoryloxy)-ethylamine (CGP 19835 A, referred 
to as MTP-PE), and RIBI, which contains three components extracted from bacteria, monophosphoryl lipid 
A, trehalose dimycolate and cell wall skeleton (MPL + TDM + CWS) in a 2% squalene/Tween 80 emulsion. 
The effectiveness of an adjuvant may be determined by measuring the amount of antibodies directed 

40 against an immunogenic polypeptide containing an HCV antigenic sequence resulting from administration of 
this polypeptide in vaccines which are also comprised of the various adjuvants. 

The vaccines are conventionally administered parenterally, by injection, for example, either sub- 
cutaneously or intramuscularly. Additional formulations which are suitable for other modes of administration 
include suppositories and, in some cases, oral formulations. For suppositories, traditional binders and 

45 carriers may include, for example, polyalkylene glycols or triglycerides; such suppositories may be formed 
from mixtures containing the active ingredient in the range of 0.5% to 10%, preferably 1%-2%. Oral 
formulations include such normally employed excipients as, for example, pharmaceutical grades of man- 
nitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, and the like. 
These compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained release 

so formulations or powders and contain 10%-95% of active ingredient, preferably 25%-70%. 

The proteins may be formulated into the vaccine as neutral or salt forms. Pharmaceutically acceptable 
salts include the acid addition salts (formed with free amino groups of the peptide) and which are formed 
with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids such as 
acetic, oxalic, tartaric, maleic, and the like. Salts formed with the free carboxyl groups may also be derived 

65 from inorganic bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 
and such organic bas s as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and 
the like. 
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II.F. Dosage and Administration of Vaccines 

The vaccines are administered in a manner compatible with the dosage formulation, and in such amount 
as will be prophylactically and/or therapeutically effective. The quantity to be administered, which is 

5 generally in the rang of 5 micrograms to 250 micrograms of antigen per dose, depends on the subject to 
be treated, capacity of the subj ct*s immune system to synthesize antibodies, and the degree of protection 
desired. Precise amounts of active ingredient required to be administered may depend on the judgment of 
the practitioner and may be peculiar to each subject. 

The vaccine may be given in a single dose schedule, or preferably in a multiple dose schedule. A 

to multiple dose schedule is one in which a primary course of vaccination may be with 1-10 separate doses, 
followed by other doses given at subsequent time intervals required to maintain and or reenforce the 
immune response, for example, at 1-4 months for a second dose, and if needed, a subsequent dose(s) after 
several months. The dosage regimen will also, at least in part, be determined by the need of the individual 
and be dependent upon the judgment of the practitioner. 

75 In addition, the vaccine containing the immunogenic HCV antigen(s) may be administered in conjunction 
with other immunoregulatory agents, for example, immune globulins. 

H.G. Preparation of Antibodies Against HCV Epitopes 

20 The immunogenic polypeptides prepared as described above are used to produce antibodies, both 
polyclonal and monoclonal. If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, 
goat, horse, etc.) is immunized with an immunogenic polypeptide bearing an HCV epitope(s). Serum from 
the immunized animal is collected and treated according to known procedures, tf serum containing 
polyclonal antibodies to an HCV epitope contains antibodies to other antigens, the polyclonal antibodies can 

25 be purified by immunoaffinity chromatography. Techniques for producing and processing polyclonal antisera 
are known in the art, see for example, Mayer and Walker (1987). 

Alternatively, polyclonal antibodies may be isolated from a mammal which has been previously infected 
with HCV. An example of a method for purifying antibodies to HCV epitopes from serum from an infected 
individual, based upon affinity chromatography and utilizing a fusion polypeptide of SOD and a polypeptide 

30 encoded within cDNA clone 5-1-1, is presented in Section V.E. 

Monoclonal antibodies directed against HCV epitopes can also be readily produced by one skilled in the 
art. The general methodology for making monoclonal antibodies by hybridomas is well known. Immortal 
antibody-producing cell lines can be created by cell fusion, and also by other techniques such as direct 
transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus. See, e.g., M. 

35 Schreier et at. (1980); Hammerling et al. (1981); Kennett et al. (1980); see also , U.S. Patent Nos. 4,341,761; 
4,399,121; 4,427,783; 4,444,887; 4,466,917; 4,472,500; 4,491,632; and 4,493,890. Panels of monoclonal 
antibodies produced against HCV epitopes can be screened for various properties; i.e., for isotype, epitope 
affinity, etc. 

Antibodies, both monoclonal and polyclonal, which are directed against HCV epitopes are particularly 
40 useful in diagnosis, and those which are neutralizing are useful in passive immunotherapy. Monoclonal 
antibodies, in particular, may be used to raise anti-idiotype antibodies. 

Anti-idiotype antibodies are immunoglobulins which carry an "internal image" of the antigen of the 
infectious agent against which protection is desired. See, for example, Nisonoff, A., et a). (1981) and 
Dreesman et al. (1985). 

45 Techniques for raising anti-idiotype antibodies are known in the art. See, for example, Grzych (1985), 
MacNamara et al. (1984), and Uytdehaag et al. (1985). These anti-idiotype antibodies may also be useful for 
treatment of NANBH, as well as for an elucidation of the immunogenic regions of HCV antigens. 

II.H. Diagnostic Oligonucleotide Probes and Kits 

50 

Using the disclosed portions of the isolated HCV cDNAs as a basis, including those in Figs. 1-32, 
oligomers of approximately 8 nucleotides or more can be prepared, either by excision or synthetically, 
which hybridiz with the HCV genome and are useful in identification of the viral agent(s), further 
characterization of the viral genome(s), as well as in detection of the virus(es) in diseased individuals. The 
55 probes for HCV polynucleotides (natural or derived) are a length which allows the detection of unique viral 
sequences by hybridization. While 6-8 nucleotides may be a workabl length, sequences f 10-12 
nucleotides ar preferred, and about 20 nucleotides appears optimal. Preferably, th se sequences will 
derive from regions which lack heterogeneity. These probes can be prepared using routine methods, 
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including automated oligonucleotide synthetic methods. Among useful probes, for xample, are the clone 5- 
1-1 and the additional clones disclosed herein, as w II as the various oligomers useful in probing cDNA 
libraries, set forth below. A complement to any unique portion of the HCV gen me will be satisfactory. For 
use as probes, complete complementarity is desirable, though it may be unnecessary as the length of the 

s fragment is increased. 

For use f such probes as diagnostics, the biological sampl to be analyz d, such as blood or serum, is 
treated, if desired, to extract the nucleic acids contained therein. The resulting nucleic acid from the sample 
may be subjected to gel electrophoresis or other size separation techniques; alternatively, the nucleic acid 
sample may be dot blotted without size separation. The probes are then labeled. Suitable labels, and 

io methods for labeling probes are known in the art, and include, for example, radioactive labels incorporated 
by nick translation or kinasing, biotin, fluorescent probes, and chemiluminescent probes. The nucleic acids 
xtracted from the sample are then treated with the labeled probe under hybridization conditions of suitable 
stringencies. 

The probes can be made completely complementary to the HCV genome. Therefore, usually high 

15 stringency conditions are desirable in order to prevent false positives. However, conditions of high 
stringency should only be used if the probes are complementary to regions of the viral genome which lack 
heterogeneity. The stringency of hybridization is determined by a number of factors during hybridization 
and during the washing procedure, including temperature, ionic strength, length of time, and concentration 
of formamide. These factors are outlined in, for example, Maniatis, T. (1982). 

20 Generally, it is expected that the HCV genome sequences will be present in serum of infected 
individuals at relatively low levels, i.e., at approximately lOMO 3 sequences per ml. This level may require 
that amplification techniques be used in hybridization assays. Such techniques are known in the art. For 
example, the Enzo Biochemical Corporation "Bio-Bridge" system uses terminal deoxynucleotide transferase 
to add unmodified 3'-poly-dT-tails to a DNA probe. The poly dT-tailed probe is hybridized to the target 

25 nucleotide sequence, and then to a biotin-modified poly-A. PCT application 84/03520 and EPA1 24221 
describe a DNA hybridization assay in which: (1) analyte is annealed to a single-stranded DNA probe that is 
complementary to an enzyme-labeled oligonucleotide; and (2) the resulting tailed duplex is hybridized to an 
enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridization assay in which analyte DNA is 
contacted with a probe that has a tail, such as a poly-dT tail, an amplifier strand that has a sequence that 

30 hybridizes to the tail of the probe, such as a poly-A sequence, and which is capable of binding a plurality of 
labeled strands. A particularly desirable technique may first involve amplification of the target HCV 
sequences in sera approximately 10,000 fold, i.e., to approximately 10 s sequences/ml. This may be 
accomplished, for example, by the technique of Saiki et al. (1986). The amplified sequence(s) may then be 
detected using a hybridization assay. A suitable solution phase sandwich assay which may be used with 

35 labeled polynucleotide probes, and the methods for the preparation of probes is described in EPO 225,807, 
published June 16, 1987, which is assigned to the herein assignee, and which is hereby incorporated herein 
by reference. 

The probes can be packaged into diagnostic kits. Diagnostic kits include the probe DNA, which may be 
labeled; alternatively, the probe DNA may be unlabeled and the ingredients for labeling may be included in 
40 the kit. The kit may also contain other suitably packaged reagents and materials needed for the particular 
hybridization protocol, for example, standards, as well as instructions for conducting the test. 

ILL Immunoassay and Diagnostic Kits 

45 Both the polypeptides which react immunologically with serum containing HCV antibodies, for example, 
those derived from or encoded within the clones described in Section IVA, and composites thereof, (see 
section IVA) and the antibodies raised against the HCV specific epitopes in these polypeptides, see for 
example Section IV.E, are useful in immunoassays to detect presence of HCV antibodies, or the presence 
of the virus and/or viral antigens, in biological samples, including for example, blood or serum samples. 

50 Design of the immunoassays is subject to a great deal of variation, and a variety of these are known in the 
art. For example, the immunoassay may utilize one viral antigen, for example, a polypeptide derived from 
any of the clones containing HCV cDNA described in Section IVA, or from the composite cDNAs derived 
from the cDNAs in these clones, or from th HCV genome from which the cDNA in these clones is derived; 
alternatively, the immunoassay may use a combination of viral antigens derived from th se sources. It may 

55 use, for example, a monoclonal antibody directed towards a viral epitope(s), a combination of monoclonal 
antibodies dir cted towards one viral antigen, monoclonal antibodies directed towards different viral 
antigens, polyclonal antibodies directed towards the same viral antigen, or polyclonal antibodies directed 
towards different viral antigens. Protocols may be based, for example, upon competition, or direct reaction, 



20 



EP 0 318 216 B1 



or sandwich type assays. Protocols may also, for example, use solid supports, or may be by im- 
munoprecipitation. Most assays involve the use of labeled antibody or polypeptide; the labels may be, for 
example, fluor scent, chemiluminescent, radioactive, or dye molecules. Assays which amplify the signals 
from the probe are also known; xamples of which are assays which utilize biotin and avidin, and enzyme- 
5 labeled and mediated immunoassays, such as EUSA assays. 

The Flavivirus model for HCV allows predictions regarding the likely location of diagnostic epitopes for 
the virion structural proteins. The C, pre-M, M, and E domains are all likely to contain epitopes of significant 
potential for detecting viral antigens, and particularly for diagnosis. Similarly, domains of the nonstructural 
proteins are expected to contain important diagnostic epitopes (e.g., NS5 encoding a putative polymerase; 
10 and NS1 encoding a putative complement-binding antigen). Recombinant polypeptides, or viral polypep- 
tides, which include epitopes from these specific domains may be useful for the detection of viral antibodies 
in infections blood donors and infected patients. 

In addition, antibodies directed against the E and/or M proteins can be used in immunoassays for the 
detection of viral antigens in patients with HCV caused NANBH, and in infectious blood donors. Moreover, 
75 these antibodies will be extremely useful in detecting acute-phase donors and patients. 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by 
packaging the appropriate materials, including the polypeptides of the invention containing HCV epitopes or 
antibodies directed against HCV epitopes in suitable containers, along with the remaining reagents and 
materials required for the conduct of the assay, as well as a suitable set of assay instructions. 

20 

H.J. Further Characterization of the HCV Genome, Virions, and Viral Antigens Using Probes Derived From 
cDNA to the Viral Genome 

The HCV cDNA sequence information in the clones described in Section IVA, as shown in Figs. 1-32, 

25 inclusive, may be used to gain further information on the sequence of the HCV genome, and for 
identification and isolation of the HCV agent, and thus will aid in its characterization including the nature of 
the genome, the structure of the viral particle, and the nature of the antigens of which it is composed. This 
information, in turn, can lead to additional polynucleotide probes, polypeptides derived from the HCV 
genome, and antibodies directed against HCV epitopes which would be useful for the diagnosis and/or 

30 treatment of HCV caused NANBH. 

The cDNA sequence information in the above-mentioned clones is useful for the design of probes for 
the isolation of additional cDNA sequences which are derived from as yet undefined regions of the HCV 
genome(s) from which the cDNAs in clones described in Section IVA are derived. For example, labeled 
probes containing a sequence of approximately 8 or more nucleotides, and preferably 20 or more 

35 nucleotides, which are derived from regions close to the 5'-termini or 3'-termini of the family of HCV cDNA 
sequences shown in Figs. 1, 3, 6, 9, 14 and 32 may be used to isolate overlapping cDNA sequences from 
HCV cDNA libraries. These sequences which overlap the cDNAs in the above-mentioned clones, but which 
also contain sequences derived from regions of the genome from which the cDNA in the above mentioned 
clones are not derived, may then be used to synthesize probes for identification of other overlapping 

40 fragments which do not necessarily overlap the cDNAs in the clones described in Section IVA Unless the 
HCV genome is segmented and the segments lack common sequences, it is possible to sequence the 
entire viral genome(s) utilizing the technique of isolation of overlapping cDNAs derived from the viral 
genome(s). Although it is unlikely, if the genome is a segmented genome which lacks common sequences, 
the sequence of the genome can be determined by serologically screening Iambda-gt11 HCV cDNA 

45 libraries, as used to isolate clone 5-1-1, sequencing cDNA isolates, and using the isolated cDNAs to isolate 
overlapping fragments, using the technique described for the isolation and sequencing of the clones 
described in Section IVA Alternatively, characterization of the genomic segments could be from the viral 
genome(s) isolated from purified HCV particles. Methods for purifying HCV particles and for detecting them 
during the purification procedure are described herein, infra. Procedures for isolating polynucleotide 

50 genomes from viral particles are known in the art, and one procedure which may be used is shown in 
Example IVA1. The isolated genomic segments could then be cloned and sequenced. Thus, with the 
information provided herein, H is possible to clone and sequence the HCV genome(s) irrespective of their 
nature. 

Methods for constructing cDNA libraries are known in the art, and ar discussed supra and infra; a 
65 method for the construction of HCV cDNA libraries in Iambda-gt11 is discussed infra in Section IVA 
However, cDNA libraries which are useful for screening with nucleic acid probes may also be constructed in 
other vectors known in the art, for xample, Iambda-gt10 (Huynh et al. (1985)). The HCV derived cDNA 
detected by the probes derived from the cDNAs in Figs. 1-32, and fr m the probes synthesized from 
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polynucleotides derived from these cDNAs, may be isolated from the clone by digestion of the isolated 
polynucleotide with the appropriate restriction enzyme(s), and sequenced. See, for example, Section IV.A.3. 
and IV A4. for the techniques us d for the isolation and sequencing of HCV cDNA which overlaps MCV 
cDNA in clone 5-1-1, Sections IVA5-IV.A.7 for the isolation and sequencing of HCV cDNA which overlaps 

s that in clone 81, and Section IV.A.8 and IV .A.9 for the isolation and sequencing of a clon which overlaps 
another clone (clone 36), which overlaps clone 81. 

The sequence information derived from these overlapping HCV cDNAs is useful for determining areas 
of homology and heterogeneity within the viral genome(s), which could indicate the presence of different 
strains of the genome, and/or of populations of defective particles. It is also useful for the design of 

io hybridization probes to detect HCV or HCV antigens or HCV nucleic acids in biological samples, and during 
the isolation of HCV (discussed infra), utilizing the techniques described in Section II.G. Moreover, the 
overlapping cDNAs may be used to create expression vectors for polypeptides derived from the HCV 
genome(s) which also encode the polypeptides encoded in clones 5-1-1, 36, 81, 91, and 1-2, and in the 
other clones described in Section IV.A. The techniques for the creation of these polypeptides containing 

75 HCV epitopes, and for antibodies directed against HCV epitopes contained within them, as well as their 
uses, are analogous to those described for polypeptides derived from NANBV cDNA sequences contained 
within clones 5-1-1, 32, 35, 36, 1-2, 81, and 91, discussed supra and infra. 

Encoded within the family of cDNA sequences contained within clones 5-1-1, 32, 35, 36, 81, 91, 1-2, 
and the other clones described in Section IV.A. are antigen(s) containing epitopes which appear to be 

20 unique to HCV; i.e., antibodies directed against these antigens are absent from individuals infected with 
HAV or HBV, and from individuals not infected with HCV (see the serological data presented in Section 
IV.B.). Moreover, a comparison of the sequence information of these cDNAs with the sequences of HAV, 
HBV, HDV, and with the genomic sequences in Genebank indicates that minimal homology exists between 
these cDNAs and the polynucleotide sequences of those sources. Thus, antibodies directed against the 

25 antigens encoded within the cDNAs of these clones may be used to identify BB-NANBV particles isolated 
from infected individuals. In addition, they are also useful for the isolation of NANBH agent(s). 

HCV particles may be isolated from the sera from BB-NANBV infected individuals or from cell cultures 
by any of the methods known in the art, including for example, techniques based on size discrimination 
such as sedimentation or exclusion methods, or techniques based on density such as ultracentrifugation in 

30 density gradients, or precipitation with agents such as polyethylene glycol, or chromatography on a variety 
of materials such as anionic or cationic exchange materials, and materials which bind due to hydrophobicity, 
as well as affinity columns. During the isolation procedure the presence of HCV may be detected by 
hybridization analysis of the extracted genome, using probes derived from the HCV cDNAs described 
supra, or by immunoassay (see Section ILL) utilizing as probes antibodies directed against HCV antigens 

35 encoded within the family of cDNA sequences shown in Figs. 1-32, and also directed against HCV antigens 
encoded within the overlapping HCV cDNA sequences discussed supra. The antibodies may be mon- 
oclonal, or polyclonal, and it may be desirable to purify the antibodies before their use in the immunoassay. 
A purification procedure for polyclonal antibodies directed against antigen(s) encoded within clone 5-1-1 is 
described in Section IV.E; analogous purification procedures may be utilized for antibodies directed against 

40 other HCV antigens. 

Antibodies directed against HCV antigens encoded within the family of cDNAs shown in Figs. 1-32, as 
well as those encoded within overlapping HCV cDNAs, which are affixed to solid supports are useful for the 
isolation of HCV by immunoaffinity chromatography. Techniques for immunoaffinity chromatography are 
known in the art, including techniques for affixing antibodies to solid supports so that they retain their 

45 immunoselective activity; the techniques may be those in which the antibodies are adsorbed to the support 
(see. for example, Kurstak in ENZYME IMMUNODIAGNOSIS, page 31-37), as well as those in which the 
antibodies are covalently linked to the support. Generally, the techniques are similar to those used for 
covalent linking of antigens to a solid support, which are generally described in Section ILC; however, 
spacer groups may be included in the Afunctional coupling agents so that the antigen binding site of the 

so antibody remains accessible. 

During the purification procedure the presence of HCV may be detected and/or verified by nucleic acid 
hybridization, utilizing as probes polynucleotides derived from the family of HCV cDNA sequences shown in 
Figs. 1-32, as well as from overlapping HCV cDNA sequences, described supra. In this case, the fractions 
are treated under conditions which would caus th disruption of viral particles, for xample, with detergents 

65 in the presence of chelating agents, and the presence of viral nucleic acid determined by hybridization 
techniques described in Section ILH. Further confirmation that the isolated particles ar the agents which 
induce HCV may be obtained by infecting chimpanz es with the isolated virus particles, follow d by a 
determination of whether the symptoms of NANBH result from the infection. 
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Viral particles from the purified preparations may then be further characterized. The genomic nucleic 
acid has been purified. Based upon its sensitivity to RNase, and not DNase I, it appears that the virus is 
composed of an RNA genome. See Example IV.C.2., infra. The strandedness and circularity or non- 
circularity can determined by techniques known in the art, including, for xample, its visualization by 

5 electron microscopy, its migration in density gradients, and its sedimentation characteristics. Based upon 
the hybridization of the captured HCV genom to the negative strands of HCV cDNAs, it appears that HCV 
may be comprised of a positive stranded RNA genome (see Section IV.H.1). Techniques such as these are 
described in, for example, METHODS IN ENZYMOLOGY. In addition, the purified nucleic acid can be 
cloned and sequenced by known techniques, including reverse transcription since the genomic material is 

w RNA. See, for example, Maniatis (1982), and Glover (1985). Utilizing the nucleic acid derived from the viral 
particles, it is possible to sequence the entire genome, whether or not it is segmented. 

Examination of the homology of the polypeptide encoded within the continuous ORF of combined 
clones 14i through 39c (see Fig. 26), shows that the HCV polypeptide contains regions of homology with the 
corresponding proteins in conserved regions of flaviviruses. An example of this is described in Section 

75 IV.H.3. This finding has many important ramifications. First, this evidence, in conjunction with the results 
which show that HCV contains a positive-stranded genome, the size of which is approximately 10,000 
nucleotides, is consistent with the suggestion that HCV is a fiavivirus, or flavi-Iike virus. Generally, flavivirus 
virions and their genomes have a relatively consistent structure and organization, which are known. See 
Rice et al. (1986), and Brinton, MA (1988). Thus, the structural genes encoding the polypeptides C, pre- 

20 M/M, and E may be located in the SMerminus of the genome upstream of clone 14i. Moreover, using the 
comparison with other flaviviruses, predictions as to the precise location of the sequences encoding these 
proteins can be made. 

Isolation of the sequences upstream of those in clone 14i may be accomplished in a number of ways 
which, given the information herein, would be obvious to one of skill in the art For example, the genome 

25 "walking" technique, may be used to isolate other sequences which are 5' to those in clone 14i, but which 
overlap that clone; this in turn leads to the isolation of additional sequences. This technique has been amply 
demonstrated infra, in Section IV.A.. For example, also, it is known that the flaviviruses have conserved 
epitopes and regions of conserved nucleic acid sequences. Polynucleotides containing the conserved 
sequences may be used as probes which bind the HCV genome, thus allowing its isolation. In addition, 

30 these conserved sequences, in conjunction with those derived from the HCV cDNAs shown in Fig. 22, may 
be used to design primers for use in systems which amplify the genome sequences upstream of those in 
clone 14i, using polymerase chain reaction technology. An example of this is described infra. 

The structure of the HCV may also be determined and its components isolated. The morphology and 
size may be determined by, for example, electron microscopy. The identification and localization of specific 

35 viral polypeptide antigens such as coat or envelope antigens, or internal antigens, such as nucleic acid 
binding proteins, core antigens, and polynucleotide polymerase(s) may also be determined by, for example, 
determining whether the antigens are present as major or minor viral components, as well as by utilizing 
antibodies directed against the specific antigens encoded within isolated cDNAs as probes. This information 
is useful in the design of vaccines; for example, it may be preferable to include an exterior antigen in a 

40 vaccine preparation. Multivalent vaccines may be comprised of, for example, a polypeptide derived from the 
genome encoding a structural protein, for example, E, as well as a polypeptide from another portion of the 
genome, for example, a nonstructural or structural polypeptide. 

U.K. Cell Culture Systems and Animal Model Systems for HCV Replication 

45 

The suggestion that HCV is a flavivirus or flavi-Iike virus also provides information on methods for 
growing HCV. The term "flavi-Iike" means that the virus shows a significant amount of homology to the 
known conserved regions of flaviviruses and that the majority of the genome is a single ORF. Methods for 
culturing flaviviruses are known to those of skill in the art (See , for example, the reviews by Brinton (1986) 

so and Stollar, V. (1980)). Generally, suitable cells or cell lines for culturing HCV may include those known to 
support Flavivirus replication, for example, the following: monkey kidney cell lines (e.g. Mfe, VERO); 
porcine kidney cell lines (e.g. PS); baby hamster kidney cell lines (e.g. BHK); murine macrophage cell lines 
(e.g., P388D1, MK1, Mm1); human macrophage cell lines (e.g., U-937); human peripheral blood leukocytes; 
human adher nt monocytes; hepatocytes or hepatocyte cell lines (e.g„ HUH7 , HEPG2); embryos r 

55 embryonic cells (e.g., chick embry fibroblasts); or cell lines derived from invertebrates, preferably from 
insects (e.g. drosophila cell lines), or more pref rably from arthropods, for example, mosquito cell lines 
(e.g., A. Albopictus, Aedes aegypti, Cutex tritaeniorhynchus) or tick cell lin s ( .g. RML-14 Dermacentor 
parumapertus). 
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It is possible that primary hepatocytes can be cultured, and then infected with HCV; or alternatively, the 
hepatocyte cultures could be derived from the livers of Infected individuals (e.g., humans or chimpanzees). 
The latter case is an example of a cell which is infected in vivo being passaged in vitro . In addition, various 
immortalization methods can be used to obtain cell-lines derived from hepatocyte cultures. For xample, 

5 primary liver cultures (before and after enrichment of the hepatocyte population) may be fused to a variety 
of ceils to maintain stability. For example, also, cultures may be infected with transforming viruses, or 
transfected with transforming genes in order to create permanent or semipermanent cell lines. In addition, 
for example, cells in liver cultures may be fused to established cell lines (e.g., HepG2 ). Methods for cell 
fusion are known in the art, and include, for example, the use of fusion agents such as polyethylene glycol, 

ro Sendai Virus, and Epstein-Barr virus. 

As discussed above, HCV is a Flavivirus or Ravi-like virus. Therefore, it is probable that HCV infection 
of cell lines may be accomplished by techniques known In the art for Infecting cells with Flaviviruses. These 
include, for example, incubating the cells with viral preparations under conditions which allow viral entry into 
the cell. In addition, it may be possible to obtain viral production by transacting the cells with isolated viral 

75 polynucleotides. It is known that Togavirus and Flavivirus RNAs are infectious in a variety of vertebrate cell 
lines (Pfefferkorn and Shapiro (1974)), and in a mosquito cell line (Peleg (1969)). Methods for transacting 
tissue culture cells with RNA duplexes, positive stranded RNAs, and DNAs (including cDNAs) are known in 
the art, and include, for example, techniques which use electroporation, and precipitation with DEAE-Dextran 
or calcium phosphate. An abundant source of HCV RNA can be obtained by performing in vitro transcription 

20 of an HCV dDNA corresponding to the complete genome. TransfeetiGn with this material, or with cioned 
HCV cDNA should result in viral replication and the in vitro propagation of the virus. 

In addition to cultured cells, animal model systems may be used for viral replication; animal systems in 
which flaviviruses are known to those of skill in the art (See, for example, the review by Monath (1986)). 
Thus, HCV replication may occur not only in chimpanzees, but also in, for example, marmosets and 

25 suckling mice. 

ILL Screening for Anti-Viral Agents for HCV 

The availability of cell culture and animal model systems for HCV also makes possible screening for 

30 anti-viral agents which inhibit HCV replication, and particularly for those agents which preferentially allow 
cell growth and multiplication while inhibiting viral replication. These screening methods are known by those 
of skill in the art. Generally, the anti-viral agents are tested at a variety of concentrations, for their effect on 
preventing viral replication in cell culture systems which support viral replication, and then for an inhibition 
of infectivity or of viral pathogenicity (and a low level of toxicity) in an animal model system. 

35 The methods and compositions provided herein for detecting HCV antigens and HCV polynucleotides 
are useful for screening of anti-viral agents in that they provide an alternative, and perhaps more sensitive 
means, for detecting the agent's effect on viral replication than the cell plaque assay or IDso assay. For 
example, the HCV-polynucleotide probes described herein may be used to quantitate the amount of viral 
nucleic acid produced in a cell culture. This could be accomplished, for example, by hybridization or 

40 competition hybridization of the infected cell nucleic acids with a labeled HCV-polynucleotide probe. For 
example, also, anti-HCV antibodies may be used to identify and quantitate HCV antigen(s) in the cell culture 
utilizing the immunoassays described herein. In addition, since it may be desirable to quantitate HCV 
antigens in the infected cell culture by a competition assay, the polypeptides encoded within the HCV 
cDNAs described herein are useful in these competition assays. Generally, a recombinant HCV polypeptide 

45 derived from the HCV cDNA would be labeled, and the inhibition of binding of this labeled polypeptide to an 
HCV polypeptide due to the antigen produced in the cell culture system would be monitored. Moreover, 
these techniques are particularly useful in cases where the HCV may be able to replicate in a cell line 
without causing cell death. 

so II.M. Preparation of Attenuated Strains of HCV 

In addition to the above, utilizing the tissue culture systems and/or animal model systems, it may be 
possible to isolate attenuated strains of HCV. These strains would be suitable for vaccines, or for the 
isolation of viral antigens. Attenuated strains are isolatable after multiple passages in cell cultur and/or an 
55 animal model. Detection of an attenuated strain in an infected cell or individual is achievable by techniques 
known in the art, and could include, for example, the use of antibodies to one or more epitopes encoded in 
HCV as a probe or the use of a polynucleotide containing an HCV sequence of at least about 8 nucleotides 
as a probe. Alternatively, or in addition, an attenuated strain may be constructed utilizing the genomic 
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information of HCV provided herein, and utilizing recombinant techniques. Generally, one would attempt to 
delete a region f the genome encoding, for xample, a polypeptide r lated to pathogenicity, but which 
allows viral replication. In addition, the genome construction would allow the expression of an epitope which 
gives ris to neutralizing antibodies for HCV. The altered genome could then be utilized to transform cells 
5 which allow HCV replication, and the cells grown under conditions to allow viral replication. Attenuated HCV 
strains are useful not only for vaccin purposes, but also as sources for the commercial production of viral 
antigens, since the processing of these viruses would require less stringent protection measures for the 
employees involved in viral production and/or the production of viral products. 

ro III. General Methods 

The general techniques used in extracting the genome from a virus, preparing and probing a cDNA 
library, sequencing clones, constructing expression vectors, transforming cells, performing immunological 
assays such as radioimmunoassays and EUSA assays, for growing cells in culture, and the like are known 
75 in the art and laboratory manuals are available describing these techniques. However, as a general guide, 
the following sets forth some sources currently available for such procedures, and for materials useful in 
carrying them out. 

Ill A. Hosts and Expression Control Sequences 

20 

Both prokaryotic and eukaryotic host cells may be used for expression of desired coding sequences 
when appropriate control sequences which are compatible with the designated host are used. Among 
prokaryotic hosts, E. coli is most frequently used. Expression control sequences for prokaryotes include 
promoters, optionally containing operator portions, and ribosome binding sites. Transfer vectors compatible 

25 with prokaryotic hosts are commonly derived from, for example, pBR322, a plasmid containing operons 
conferring ampicillin and tetracycline resistance, and the various pUC vectors, which also contain sequences 
conferring antibiotic resistance markers. These markers may be used to obtain successful transformants by 
selection. Commonly used prokaryotic control sequences include the Beta-lactamase (penicillinase) and 
lactose promoter systems (Chang et al. (1977)), the tryptophan (trp) promoter system (Goeddel et al. 

30 (1980)) and the lambda-derived P L promoter and N gene ribosome binding site (Shimatake et al. (1981)) 
and the hybrid tac promoter (De Boer et al. (1983)) derived from sequences of the trp and lac UV5 
promoters. The foregoing systems are particularly compatible with E. coli; if desired, other prokaryotic' hosts 
such as strains of Bacillus or Pseudomonas may be used, with corresponding control sequences. 

Eukaryotic hosts include yeast and mammalian cells in culture systems. Saccharomyces cerevisiae and 

35 Saccharomyces carlsbergensis are the most commonly used yeast hosts, and are convenient fungal hosts. 
Yeast compatible vectors carry markers which permit selection of successful transformants by conferring 
prototrophy to auxotrophic mutants or resistance to heavy metals on wild-type strains. Yeast compatible 
vectors may employ the 2 micron origin of replication (Broach et al. (1983)), the combination of CEN3 and 
ARS1 or other means for assuring replication, such as sequences which will result in incorporation of an 

40 appropriate fragment into the host cell genome. Control sequences for yeast vectors are known in the art 
and include promoters for the synthesis of glycolytic enzymes (Hess et al. (1968); Holland et al. (1978)), 
including the promoter for 3 phosphoglycerate kinase (Hitzeman (1980)). Terminators may also be included, 
such as those derived from the enolase gene (Holland (1981)). Particularly useful control systems are those 
which comprise the glyceraldehyde-3 phosphate dehydrogenase (GAPDH) promoter or alcohol de- 

45 hydrogenase (ADH) regulatable promoter, terminators also derived from GAPDH, and if secretion is desired, 
leader sequence from yeast alpha factor. In addition, the transcriptional regulatory region and the transcrip- 
tional initiation region which are operably linked may be such that they are not naturally associated in the 
wild-type organism. These systems are described in detail in EPO 120,551, published October 3, 1984; 
EPO 116,201, published August 22, 1984; and EPO 164,556, published December 18, 1985, all of which are 

so assigned to the herein assignee, and are hereby incorporated herein by reference. 

Mammalian cell lines available as hosts for expression are known in the art and include many 
immortalized cell lines available from the American Type Culture Collection (ATCC), including HeLa cells, 
Chinese hamster ovary (CHO) cells, baby hamster kidney (BHK) cells, and a number of other cell lines. 
Suitable promoters for mammalian cells are also known in the art and include viral promoters such as that 

55 from Simian Virus 40 (SV40) (Fiers (1978)), Rous sarcoma virus (RSV). adenovirus (ADV), and bovine 
papilloma virus (BPV). Mammalian cells may also require terminator sequenc s and poly A addition 
sequences; enhancer sequences which increase expression may also be included, and sequences which 
cause amplification of the gene may also be desirable. These sequences are known in the art. Vectors 
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suitable for replication in mammalian cells may include viral replicons, or sequences which insure 
integration of the appropriate sequences encoding NANBV epitopes into the host genome. 

III.B. Transformations 

5 

Transformation may be by any known method for introducing polynucleotides into a host cell, including, 
for example packaging the polynucleotide in a virus and transducing a host cell with the virus, and by direct 
uptake of the polynucleotide. The transformation procedure used depends upon the host to be transformed. 
For example, transformation of the E. coli host cells with Iambda-gt1 1 containing BB-NANBV sequences is 
io discussed in the Example section, infra. Bacterial transformation by direct uptake generally employs 
treatment with calcium or rubidium chloride (Cohen (1972); Maniatis (1982)). Yeast transformation by direct 
uptake may be carried out using the method of Hinnen et al. (1978). Mammalian transformations by direct 
uptake may be conducted using the calcium phosphate precipitation method of Graham and Van der Eb 
(1978), or the various known modifications thereof. 

15 

III.C. Vector Construction 

Vector construction employs techniques which are known in the art. Site-specific DNA cleavage is 
performed by treating with suitable restriction enzymes under conditions which generally are specified by 

20 the manufacturer of these commercially available enzymes. In general, about 1 microgram of piasmid or 
DNA sequence is cleaved by 1 unit of enzyme in about 20 microliters buffer solution by incubation of 1-2 hr 
at 37* C. After incubation with the restriction enzyme, protein is removed by phenol/chloroform extraction 
and the DNA recovered by precipitation with ethanol. The cleaved fragments may be separated using 
polyacrylamide or agarose gel electrophoresis techniques, according to the general procedures found in 

25 Methods in Enzymology (1980) 65:499-560. 

Sticky ended cleavage fragments may be blunt ended using E. coli DNA polymerase I (Klenow) in the 
presence of the appropriate deoxynucleotide triphosphates (dNTPs) present in the mixture. Treatment with 
S1 nuclease may also be used, resulting in the hydrolysis of any single stranded DNA portions. 

Ligations are carried out using standard buffer and temperature conditions using T4 DNA ligase and 

30 ATP; sticky end ligations require less ATP and less ligase than blunt end ligations. When vector fragments 
are used as part of a ligation mixture, the vector fragment is often treated with bacterial alkaline 
phosphatase (BAP) or calf intestinal alkaline phosphatase to remove the 5'-phosphate and thus prevent 
religation of the vector; alternatively, restriction enzyme digestion of unwanted fragments can be used to 
prevent ligation. 

35 Ligation mixtures are transformed into suitable cloning hosts, such as E. coli, and successful transfor- 
mants selected by, for example, antibiotic resistance, and screened for the correct construction. 

III.D. Construction of Desired DNA Sequences 

40 Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as de- 
scribed by Warner (1984). If desired the synthetic strands may be labeled with by treatment with 
polynucleotide kinase in the presence of ^P-ATP, using standard conditions for the reaction. 

DNA sequences, including those isolated from cDNA libraries, may be modified by known techniques, 
including, for example site directed mutagenesis, as described by Zoller (1982). Briefly, the DNA to be 

45 modified is packaged into phage as a single stranded sequence, and converted to a double stranded DNA 
with DNA polymerase using, as a primer, a synthetic oligonucleotide complementary to the portion of the 
DNA to be modified, and having the desired modification included in its own sequence. The resulting 
double stranded DNA is transformed into a phage supporting host bacterium. Cultures of the transformed 
bacteria, which contain replications of each strand of the phage, are plated in agar to obtain plaques. 

so Theoretically, 50% of the new plaques contain phage having the mutated sequence, and the remaining 50% 
have the original sequence. Replicates of the plaques are hybridized to labeled synthetic probe at 
temperatures and conditions which permit hybridization with the correct strand, but not with the unmodified 
sequence. The sequences which have been identified by hybridization are recovered and cloned. 

55 III.E. Hybridization with Probe 

DNA libraries may be probed using the procedure of Grunstein and Hogness (1975). Briefly, in this 
procedur , the DNA to be probed is immobilized on nitro-cellulose filters, denatured, and prehybridized with 
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a buffer containing 0-50% formamide. 0.75 M NaCI, 75 mM Na citrate, 0.02% (wt/v) each of bovine serum 
albumin, polyvinyl pyrollidone, and Ficoll, 50 mM Na Phosphate (pH 6.5), 0.1% SDS, and 100 
micrograms/ml carrier denatured DNA. The percentage of formamide in the buffer, as well as the time and 
temperature conditions of the prehybridization and subsequent hybridization st ps depends on the strin- 

s gency required. Oligomeric probes which require lower stringency conditions are generally used with low 
percentages of formamide, lower temperatures, and longer hybridization times. Probes containing more than 
30 or 40 nucleotides such as those derived from cDNA or genomic sequences generally employ higher 
temperatures, e.g., about 40-42 *C, and a high percentage, e.g., 50%, formamide. Following prehybridiza- 
tion, S'-^P-labeled oligonucleotide probe is added to the buffer, and the filters are incubated in this mixture 

10 under hybridization conditions. After washing, the treated fitters are subjected to autoradiography to show 
the location of the hybridized probe; DNA in corresponding locations on the original agar plates is used as 
the source of the desired DNA. 

III. F. Verification of Construction and Sequencing 

75 

For routine vector constructions, ligation mixtures are transformed into E. coli strain HB101 or other 
suitable host, and successful transformants selected by antibiotic resistance or other markers. Plasmids 
from the transformants are then prepared according to the method of Clewell et al. (1969), usually following 
chloramphenicol amplification (Clewell (1972)). The DNA is isolated and analyzed, usually by restriction 
20 enzyme analysis and/or sequencing. Sequencing may..be..by-the-.dideoxy'-method'-of"S8ngdr'Gt'-al:-(1977)-'as 
further described by Messing et al. (1981), or by the method of Maxam et al. (1980). Problems with band 
compression, which are sometimes observed in GC rich regions, were overcome by use of T- 
deazoguanosine according to Barr et al. (1986). 

25 III.G. Enzyme Linked Immunosorbent Assay 

The enzyme-linked immunosorbent assay (ELISA) can be used to measure either antigen or antibody 
concentrations. This method depends upon conjugation of an enzyme to either an antigen or an antibody, 
and uses the bound enzyme activity as a quantitative label. To measure antibody, the known antigen is 

30 fixed to a solid phase (e.g., a microplate or plastic cup), incubated with test serum dilutions, washed, 
incubated with anti-immunoglobulin labeled with an enzyme, and washed again. Enzymes suitable for 
labeling are known in the art, and include, for example, horseradish peroxidase. Enzyme activity bound to 
the solid phase is measured by adding the specific substrate, and determining product formation or 
substrate utilization colorimetrically. The enzyme activity bound is a direct function of the amount of 

35 antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing 
antigen is added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is 
added. After washing, substrate is added, and enzyme activity is estimated colorimetrically, and related to 
antigen concentration. 

40 

IV. Examples 

Described below are examples of the present invention which are provided only for illustrative purposes, 
and not to limit the scope of the present invention. In light of the present disclosure, numerous embodi- 

45 ments within the scope of the claims will be apparent to those of ordinary skill in the art. The procedures 
set forth, for example, in Sections IV.A. may, if desired, be repeated but need not be, as techniques are 
available for construction of the desired nucleotide sequences based on the information provided by the 
invention. Expression is exemplified in E. coli; however, other systems are available as set forth more fully 
in Section III.A. Additional epitopes derivedTFom the genomic structure may also be produced, and used to 

so generate antibodies as set forth below. 

IV.A. Preparation, Isolation and Sequencing of HCV cDNA 
IV.A.1. Preparation of HCV cDNA 

55 

The source of NANB agent was a plasma pool derived from a chimpanzee with chronic NANBH. The 
chimpanzee had been experimentally infected with blood from another chimpanz e with chronic NANBH 
resulting from infection with HCV in a contaminated batch of factor 8 concentrat derived from pooled 



27 



EP 0 318 216 B1 



human sera. The chimpanzee plasma pool was made by combining many individual plasma samples 
containing high levels of alanine aminotransferas activity; this activity results from hepatic injury due to the 
HCV infection. Since 1 ml of a 10" 6 dilution of this pooled serum given i.v. caused NANBH in another 
chimpanzee, its CID was at least 10* /ml, i.e., it had a high infectious virus titer. 

5 A cDNA library from the high titer plasma pool was generated as follows. First, viral particl s were 
isolated from the plasma; a 90 ml aliquot was diluted with 310 ml of a solution containing 50 mM Tris-HCI, 
pH 8.0, 1mM EDTA, 100 mM NaCI. Debris was removed by centrifugation for 20 min at 15,000 x g at 20 *C. 
Viral particles in the resulting supernatant were then pelleted by centrifugation in a Beckman SW28 rotor at 
28,000 rpm for 5 hours at 20 ' C. To release the viral genome, the particles were disrupted by suspending 

10 the pellets in 15 ml solution containing 1% sodium dodecyl sulfate (SDS), 10 mM EDTA, 10 mM Tris-HCI, 
pH 7.5, also containing 2 mg/ml proteinase k, followed by incubation at 45 • C for 90 min. Nucleic acids 
were isolated by adding 0.8 micrograms MS2 bacteriophage RNA as carrier, and extracting the mixture four 
times with a 1:1 mixture of phenofcchloroform (phenol saturated with 0.5M Tris-HCI, pH 7.5, 0.1% (v/v) beta- 
mercaptoethanol, 0.1% (w/v) hydroxyquinolone, followed by extraction two times with chloroform. The 

75 aqueous phase was concentrated with 1-butanol prior to precipitation with 2.5 volumes absolute ethanol 
overnight at -20 * C. Nucleic acid was recovered by centrifugation in a Beckman SW41 rotor at 40,000 rpm 
for 90 min at 4*C, and dissolved in water that had been treated with 0.05% (v/v) diethylpyrocarbonate and 
autoclaved. 

Nucleic acid obtained by the above procedure (<2 micrograms) was denatured with 17.5 mM 
20 CH-HgOH; cDNA was synthesized using this denatured nucleic acid as template, and was cloned into the 
EcoRI site of phage Iambda-gt11 using methods described by Huynh (1985), except that random primers 
replaced oiigo(dT) 12-18 during the synthesis of the first cDNA strand by reverse transcriptase (Taylor et al. 
(1976)). The resulting double stranded cDNAs were fractionated according to size on a Sepharose CL-4B 
column; eluted material of approximate mean size 400, 300, 200, and 100 base-pairs were pooled into 
25 cDNA pools 1 , 2, 3, and 4, respectively. The Iambda-gt1 1 cDNA library was generated from the cDNA in 
pool 3. 

The Iambda-gt11 cDNA library generated from pool 3 was screened for epitopes that could bind 
specifically with serum derived from a patient who had previously experienced NANBH. About 10* phage 
were screened with patient sera using the methods of Huynh et al. (1985), except that bound human 

30 antibody was detected with sheep anti-human Ig antisera that had been radio-labeled with 125 1. Five positive 
phages were identified and purified. The five positive phages were then tested for specificity of binding to 
sera from 8 different humans previously infected with the NANBH agent, using the same method. Four of 
the phage encoded a polypeptide that reacted immunologically with only one human serum, i.e., the one 
that was used for primary screening of the phage library. The fifth phage (5-1-1) encoded a polypeptide that 

35 reacted immunologically with 5 of 8 of the sera tested. Moreover, this polypeptide did not react im- 
munologically with sera from 7 normal blood donors. Therefore, it appears that clone 5-1-1 encodes a 
polypeptide which is specifically recognized immunologically by sera from NANB patients. 

IV A2. Sequences of the HCV cDNA in Recombinant Phage 5-1*1, and of the Polypeptide Encoded Within 
40 the Sequence. 

The cDNA in recombinant phage 5-1-1 was sequenced by the method of Sanger et al. (1977). 
Essentially, the cDNA was excised with EcoRI, isolated by size fractionation using gel electrophoresis. The 
EcoRI restriction fragments were subcloned into the M13 vectors, mp18 and mp19 (Messing (1983)) and 
45 sequenced using the dideoxychain termination method of Sanger et al. (1977). The sequence obtained is 
shown in Fig. 1 . 

The polypeptide encoded in Fig. 1 that is encoded in the HCV cDNA is in the same translational frame 
as the N-terminal beta-galactosidase moiety to which it is fused. As shown in Section IVA, the translational 
open reading frame (ORF) of 5-1-1 encodes epitope(s) specifically recognized by sera from patients and 
50 chimpanzees with NANBH infections. 

IV A3. Isolation of Overlapping HCV cDNA to cDNA in Clone 5-1-1. 

Overlapping HCV cDNA to th cDNA in clone 5-1-1 was obtained by screening the same Iambda-gt11 
55 library, created as described in Section IV A1 with a synthetic polynucleotide derived from the sequence 
of the HCV cDNA in clones 5-1-1, as shown in Fig. 1. The sequence of the polynucleotide used for 
screening was: 
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5'-TCC CTT GCT CGA TGT ACG GTA AGT GCT GAG AGC 
ACT CTT CCA TCT CAT CGA ACT CTC GGT AGA GGA CTT CCC TGT 
6 CAG GT-3' . 

The Iambda-gt11 library was screened with this probe, using the method described in Huynh (1985). 
Approximately 1 in 50,000 clones hybridized with the probe. Three clones which contained cDNAs which 
70 hybridized with the synthetic probe have been numbered 81, 1-2, and 91. 

IV A.4. Nucleotide Sequences of Overlapping HCV cDNAs to cDNA In Clone 5-1-1. 

The nucleotide sequences of the three cDNAs in clones 81, 1-2, and 91 were determined essentially as 
in Section IV.A.2. The sequences of these clones relative to the HCV cDNA sequence in phage 5-1-1 is 
shown in Fig. 2, which shows the strand encoding the detected HCV epitope, and where the homologies in 
the nucleotide sequences are indicated by vertical lines between the sequences. 

The sequences of the cloned HCV cDNAs are highly homologous in the overlapping regions (see Fig. 
2). However, there are differences in two regions. Nucleotide 67 in clone 1-2 is a thymidine, whereas the 
other three clones contain a cytidine residue in this position. It should be noted, however, that the same 
amino acid is encoded when either C or T occupies this position. 

The second difference is that clone 5-1-1 contains 28 base pairs which are not present in the other 
three clones. These base pairs occur at the start of the cDNA sequence in 5-1-1, and are indicated by small 
letters. Based on radioimmunoassay data, which is discussed infra in Section IV.D., it is possible that an 
HCV epitope may be encoded in this 28 bp region. 

The absence of the 28 base pairs of 5-1-1 from clones 81, 1-2, and 91 may mean that the cDNA in 
these clones were derived from defective HCV genomes; alternatively, the 28 bp region could be a terminal 
artifact in clone 5-1-1. 

The sequences of small letters in the nucleotide sequence of clones 81 and 91 simply indicate that 
these sequences have not been found in other cDNAs because cDNAs overlapping these regions were not 
yet isolated. 

A composite HCV cDNA sequence derived from overlapping cDNAs in clones 5-1-1, 81, 1-2 and 91 is 
shown in Fig. 3. However, in this figure the unique 28 base pairs of clone 5-1-1 are omitted. The figure also 
shows the sequence of the polypeptide encoded within the ORF of the composite HCV cDNA. 

IV.A.5. Isolation of Overlapping HCV cDNAs to cDNA in Clone 81 . 

The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 81 cDNA was 
accomplished as follows. The Iambda-gt11 cDNA library prepared as described in Section IV A1. was 
40 screened by hybridization with a synthetic polynucleotide probe which was homologous to a 5' terminal 
sequence of clone 81. The sequence of clone 81 is presented in Fig. 4. The sequence of the synthetic 
polynucleotide used for screening was: 

5, CTG TCA GGT ATG ATT GCC GGC TTC CCG GAC 3\ 
The methods were essentially as described in Huynh (1985), except that the library filters were given two 
45 washes under stringent conditions, i.e., the washes were in 5 x SSC, 0.1% SDS at 55*C for 30 minutes 
each. Approximately 1 in 50,000 clones hybridized with the probe. A positive recombinant phage which 
contained cDNA which hybridized with the sequence was isolated and purified. This phage has been 
numbered clone 36. 

Downstream cDNA sequences, which overlaps the carboxyl-end sequences in clone 81 cDNA were 
so isolated using a procedure simitar to that for the isolation of upstream cDNA sequences, except that a 
synthetic oligonucleotide probe was prepared which is homologous to a 3' terminal sequence of clone 81 . 
The sequence of the synthetic polynucleotide used for screening was: 

5' TTT GGC TAG TGG TTA GTG GGC TGG TGA CAG 3' 
A positiv recombinant phage, which contained cDNA which hybridized with this latter sequence was 
55 isolated and purified, and has been numbered clone 32. 
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IV A6. Nucleotide Sequence of HCV cDNA in Clone 36 . 

The nucleotide sequence of the cDNA in clone 36 was determined essentially as described in Section 
IV A2. The d ubl -stranded sequence of this cDNA, its region of overlap with the HCV cDNA in clone 81 , 
5 and the polypeptide encoded by the ORF are shown in Fig. 5. 

The ORF in clone 36 is in the same translations frame as the HCV antigen encoded in clone 81 . Thus, 
in combination, the ORFs in clones 36 and 81 encode a polypeptide that represents part of a large HCV 
antigen. The sequence of this putative HCV polypeptide and the double stranded DNA sequence encoding 
it, which is derived from the combined ORFs of the HCV cDNAs of clones 36 and 81, is shown in Fig. 6. 

IV A7 Nucleotide Sequences of HCV cDNA in Clone 32 

The nucleotide sequence of the cDNA in clone 32 was determined essentially as was that described in 
Section IV.A.2 for the sequence of clone 5-1-1. The sequence data indicated that the cDNA in clone 32 
recombinant phage was derived from two different sources. One fragment of the cDNA was comprised of 
418 nucleotides derived from the HCV genome; the other fragment was comprised of 172 nucleotides 
derived from the bacteriophage MS2 genome, which had been used as a carrier during the preparation of 
the lambda gt1 1 plasma cDNA library. 

The sequence of the cDNA in clone 32 corresponding to that of the HCV genome is shown in Fig. 7. 
The region of the sequences that overlaps that of clone 81, and the polypeptide encoded by the ORF are 
also indicated in the figure. This sequence contains one continuous ORF that is in the same translation^ 
frame as the HCV antigen encoded by clone 81 . 

IV A8 Isolation of Overlapping HCV cDNA to cDNA in Clone 36 

The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 36 cDNA was 
accomplished as described in Section IVA5, for those which overlap clone 81 cDNA, except that the 
synthetic polynucleotide was based on the 5'-region of clone 36. The sequence of the synthetic poly- 
nucleotide used for screening was: 

5' AAG CCA CCG TGT GCG CTA GGG CTC AAG CCC 3' 
Approximately 1 in 50,000 clones hybridized with the probe. The isolated, purified clone of recombinant 
phage which contained cDNA which hybridized to this sequence was named clone 35. 

IV A9 Nucleotide Sequence of HCV cDNA in Clone 35 

The nucleotide sequence of the cDNA in clone 35 was determined essentially as described in Section 
IV A2. The sequence, its region of overlap with that of the cDNA in clone 36, and the putative polypeptide 
encoded therein, are shown in Fig. 8. 

Clone 35 apparently contains a single, continuous ORF that encodes a polypeptide in the same 
translation^ frame as that encoded by clone 36, clone 81, and clone 32. Fig. 9 shows the sequence of the 
long continuous ORF that extends through clones 35, 36, 81, and 32, along with the putative HCV 
polypeptide encoded therein. This combined sequence has been confirmed using other independent cDNA 
clones derived from the same lambda gt1 1 cDNA library. 

45 IVA10. Isolation of Overlapping HCV cDNA to cDNA in Clone 35 

The isolation of HCV cONA sequences upstream of, and which overlap those in clone 35 cDNA was 
accomplished as described in Section IV A8, for those which overlap clone 36 cDNA, except that the 
synthetic polynucleotide was based on the 5'-region of clone 35. The sequence of the synthetic poly- 
50 nucleotide used for screening was: 

5' CAG GAT GCT GTC TCC CGC ACT CAA CGT 3' 
Approximately 1 in 50,000 clones hybridized with the probe. The isolated, purified clone of recombinant 
phage which contained cDNA which hybridized to this sequence was named clone 37b. 

65 IVA11. Nucleotide Sequence of HCV in Clon 37b 

The nucleotide sequence of the cDNA in clon 37b was determined essentially as described in Section 
IV A2. The sequence, its region of overlap with that of the cDNA in clone 35, and the putative polypeptide 
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encoded therein, are shown in Fig. 10. 

The S'-terminal nucleotide of clone 35 is a T, wher as the corresponding nucleotide in clone 37b is an 
A. The cDNAs from three other independent clones which were isolated during the procedure in which 
clone 37b was isolated, described in Section IV. A. 10, have also been sequenced. The cDNAs from these 
5 clones also contain an A in this position. Thus, the 5'-terminal T in clone 35 may be an artefact of the 
cloning procedure. It is known that artefacts oft n arise at the 5'-t imini of cDNA molecules. 

Clone 37b apparently contains one continuous ORF which encodes a polypeptide which is a continu- 
ation of the polypeptide encoded in the ORF which extends through the overlapping clones 35, 36, 81 and 
32. 

70 

IV.A.12 Isolation of Overlapping HCV cDNA to cDNA in Clone 32 

The isolation of HCV cDNA sequences downstream of clone 32 was accomplished as follows. First, 
clone cla was isolated utilizing a synthetic hybridization probe which was based on the nucleotide sequence 
75 of the HCV cDNA sequence in clone 32. The method was essentially that described in Section IV.A.5, 
except that the sequence of the synthetic probe was: 

5 1 AGT GCA GTG GAT GAA CCG GCT GAT AGC CTT 3\ 
Utilizing the nucleotide sequence from clone cla, another synthetic nucleotide was synthesized which had 
the sequence: 

20 5* TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3\ 

Screening of the lambda gt11 library using the clone cla derived sequence as probe yielded approximately 
1 in 50,000 positive colonies. An isolated, purified clone which hybridized with this probe was named clone 
33b. 

25 IV.A.13 Nucleotide Sequence of HCV cDNA in Clone 33b 



The nucleotide sequence of the cDNA in clone 33b was determined essentially as described in Section 
IV.A.2. The sequence, its region of overlap with that of the cDNA in clone 32, and the putative polypeptide 
encoded therein, are shown in Fig. 11. 
30 Clone 33b apparently contains one continuous ORF which is an extension of the ORFs in overlapping 
clones 37b, 35, 36, 81 and 32. The polypeptide encoded in clone 33b is in the same translational frame as 
that encoded in the extended ORF of these overlapping clones. 

IV.A.14 Isolation of Overlapping HCV cDNAs to cDNA Clone 37b and to cDNA in Clone 33b 

35 

In order to isolate HCV cDNAs which overlap the cDNAs in clone 37b and in clone 33b t the following 
synthetic oligonucleotide probes, which were derived from the cDNAs in those clones, were used to screen 
the lambda gt1 1 library, using essentially the method described in Section IV A3. The probes used were: 

40 

5' CAG GAT GCT GTC TCC CGC ACT CAA CGT C 3' 

and 

45 

5' TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3' 

to detect colonies containing HCV cDNA sequences which overlap those in clones 37b and 33b, respec- 
50 tively. Approximately 1 in 50,000 colonies were detected with each probe. A clone which contained cDNA 
which was upstream of, and which overlapped the cDNA in clone 37b, was named clone 40b. A clone which 
contained cDNA which was downstream of, and which overlapped the cDNA in clone 33b was named clone 

25c. 

55 IV. A. 1 5 Nucleotide Sequences of HCV cDNA in clone 40b and in clone 25c 

The nucleotide sequences of the cDNAs in clone 40b and in clone 25c were determined essentially as 
described in Section IVA2. Th sequences of 40b and 25c, their regions of overlap with the cDNAs in 
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clones 37b and 33b, and th putativ polypeptides encoded ther in, are shown in Fig. 12 (clon 40b) and 
Fig. 13 (clone 25c). 

The S'-terminal nucleotide of clone 40b is a G. However, the cDNAs from five other independent clones 
which were isolated during the procedure in which clone 40b was isolated, described in Section IV.A.14, 
5 have also been sequenced. The cDNAs from these clones also contain a T in this position. Thus, the G may 
represent a cloning artifact (see th discussion in Section IVA11). 

The 5'-terminus of clone 25c is ACT, but the sequence of this region in clone cla (sequence not 
shown), and in clone 33b is TCA This difference may also represent a cloning artifact, as may the 28 extra 
S'-terminal nucleotides in clone 5-1-1. 
ro Clones 40b and 25c each apparently contain an ORF which is an extension of the continuous ORF in 
the previously sequenced clones. The nucleotide sequence of the ORF extending through clones 40b, 37b, 
35, 36, 81, 32, 33b, and 25c, and the amino acid sequence of the putative polypeptide encoded therein, are 
shown in Fig. 14. In the figure, the potential artifacts have been omitted from the sequence, and instead, the 
corresponding sequences in non-5'-terminal regions of multiple overlapping clones are shown. 

IVA16. Preparation of a Composite HCV cDNA from the cDNAs in Clones 36, 81 , and 32 

The composite HCV cDNA, C100, was constructed as follows. First the cDNAs from the clones 36, 81, 
and 32 were excised with EcoRI. The EcoRI fragment of cDNA from each clone was cloned individually into 

20 the EcoRI site of the vector pGEM3-b!ue (Prcmega Biotec). The resulting recombinant vectors which 
contained the cDNAs from clones 36, 81, and 32 were named pGEM3-blue/36, pGEM3-blue/81, and 
pGEM3-blue/32, respectively. The appropriately oriented recombinant of pGEM3-btue/81 was digested with 
Nael and Narl, and the large f2850bp) fragment was purified and ligated with the small f570bp) Nael/Narl 
purified restriction fragment from pGEM3-blue/36. This composite of the cDNAs from clones 36 and 81 was 

25 used to generate another pGEM3-blue vector containing the continuous HCV ORF contained within the 
overlapping cDNA within these clones. This new plasmid was then digested with Pvull and EcoRI to release 
a fragment of approximately 680bp, which was then ligated with the small (580bp) Pvull/EcoRI fragment 
isolated from the appropriately oriented pGEM3-blue/32 plasmid, and the composite cDNA from clones 36, 
81, and 32 was ligated into the EcoRI linearized vector pSODcfl, which is described in Section IV.B.1, and 

30 which was used to express clone 5-1-1 in bacteria. Recombinants containing the "1270bp EcoRI fragment of 
composite HCV cDNA (CI 00) were selected, and the cDNA from the plasmids was excised with EcoRI and 
purified. 

IVA17. Isolation and Nucleotide Sequences of HCV cDNAs in Clones 14i, 11b, 7f, 7e, 8h, 33c, 14c, 8f, 33f, 
35 33g, and 39c 

The HCV cDNAs in clones 14i, 11b, 7f, 7e, 8h, 33c, 14c, 8f, 33f, 33g, and 39c were isolated by the 
technique of isolating overlapping cDNA fragments from the lambda gt1 1 library of HCV cDNAs described 
in Section IV.A.1.. The technique used was essentially as described in Section IV A3., except that the 
40 probes used were designed from the nucleotide sequence of the last isolated clones from the 5' and the 3' 
end of the combined HCV sequences. The frequency of clones which hybridized with the probes described 
below was approximately 1 in 50,000 in each case. 

The nucleotide sequences of the HCV cDNAs in clones 14i, 7f, 7e, 8h, 33c, 14c, 8f, 33f, 33g, and 39c 
were determined essentially as described in Section IV A2„ except that the cDNA excised from these 
45 phages were substituted for the cDNA isolated from clone 5-1-1 . 

Clone 33c was isolated using a hybridization probe based on the sequence of nucleotides in clone 40b. 
The nucleotide sequence of clone 40b is presented in Fig. 12. The nucleotide sequence of the probe used 
to isolate 33c was: 

5' ATC AGG ACC GGG GTG AGA ACA ATT ACC ACT 3' 
so The sequence of the HCV cDNA in clone 33c, and the overlap with that in clone 40b, is shown in Fig. 15, 
which also shows the amino acids encoded therein. 

Clone 8h was isolated using a probe based on the sequence of nucleotides in clone 33c. The nucleotide 
sequence of the probe was 

5' AGA GAC AAC CAT GAG GTC CCC GGT GTT C 3\ 
55 The sequence of the HCV cDNA in clone 8h, and the overlap with that In clone 33c, and the amino acids 
encoded therein, are shown in Fig. 16. 

Clone 7e was isolated using a probe based on the sequence of nucleotides in clone 8h. The nucleotide 
sequence of the probe was 
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5" TCG GAC CTT TAC CTG GTC ACG AGG CAC 3\ 
The sequence of HCV cDNA in clone 7e, the overlap with clone 8h, and the amino acids ncoded therein, 
are shown in Fig. 17. 

Clone 14c was isolated with a probe based on the sequence of nucleotides in clone 25c. The sequence 
s of clone 25c is shown in Fig. 13. The probe in the isolation of clone 14c had the sequence 

5' ACC TTC CCC ATT AAT GCC TAC ACC ACG GGC 3\ 
The sequence of HCV cDNA in clone 14c, its overlap with that in clone 25c, and the amino acids encoded 
therein are shown in Fig. 18. 

Clone 8f was isolated using a probe based on the sequence of nucleotides in clone 14c. The nucleotide 
io sequence of the probe was 

5' TCC ATC TCT CAA GGC AAC TTG CAC CGC TAA 3\ 
The sequence of HCV cDNA in clone 8f, its overlap with that In clone 14c, and the amino acids encoded 
therein are shown in Fig. 19. 

Clone 33f was isolated using a probe based on the nucleotide sequence present in clone 8f. The 
75 nucleotide sequence of the probe was 

5 ( TCC ATG GCT GTC CGC TTC CAC CTC CAA AGT 3\ 
The sequence of HCV cDNA in clone 33f, its overlap with that in clone 8f. and the amino acids encoded 
therein are shown in Fig. 20. 

Clone 33g was isolated using a probe based on the sequence of nucleotides in clone 33f. The 
20 nucleotide -sequence of the probe was 

5' GCG ACA ATA CGA CAA CAT CCT CTG AGC CCG 3\ 
The sequence of HCV cDNA in clone 33g, its overlap with that in clone 33f, and the amino acids encoded 
therein are shown in Fig. 21 . 

Clone 7f was isolated using a probe based on the sequence of nucleotides in clone 7e. The nucleotide 
25 sequence of the probe was 

5' AGC AGA CAA GGG GCC TCC TAG GGT GCA TAA T 3*. 
The sequence of HCV cDNA in clone 7f, its overlap with clone 7e, and the amino acids encoded therein are 
shown in Fig. 22. 

Clone 11b was isolated using a probe based on the sequence of clone 7f. The nucleotide sequence of 
30 the probe was 

5* CAC CTA TGT TTA TAA CCA TCT CAC TCC TCT 3\ 
The sequence of HCV cDNA in clone 11b, its overlap with clone 7f, and the amino acids encoded therein 
are shown in Fig. 23. 

Clone 14i was isolated using a probe based on the sequence of nucleotides in clone 11b. The 
35 nucleotide sequence of the probe was 

5' CTC TGT CAC CAT ATT ACA AGC GCT ATA TCA 3\ 
The sequence of HCV cDNA in clone 14i, its overlap with 11b, and the amino acids encoded therein are 
shown in Fig. 24. 

Clone 39c was isolated using a probe based on the sequence of nucleotides in clone 33g. The 
40 nucleotide sequence of the probe was 

5* CTC GTT GCT ACG TCA CCA CAA TTT GGT GTA 3' 
The sequence of HCV cDNA in clone 39c, its overlap with clone 33g, and the amino acids encoded therein 
are shown in Fig. 25. 

45 IVA1 8. The Composite HCV cDNA Sequence Derived from Isolated Clones Containing HCV cDNA 

The HCV cDNA sequences in the isolated clones described supra have been aligned to create a 
composite HCV cDNA sequence. The isolated clones, aligned in the 5' to 3' direction are: 14i, 7f, 7e, 8h, 
33c, 40b, 37b, 35, 36, 81, 32, 33b, 25c, 14c, 8f, 33f, 33g, and 39c. 

so A composite HCV cDNA sequence derived from the isolated clones, and the amino acids encoded 
therein, is shown in Fig. 26. 

In creating the composite sequence the following sequence heterogeneities have been considered. 
Clone 33c contains an HCV cDNA of 800 base pairs, which overlaps the cDNAs in clones 40b and 37c. In 
clone 33c, as well as in 5 other overlapping clones, nucleotide #789 is a G. How ver, in clon 37b (see 

65 Section IVA11), the corresponding nucleotide Is an A. This sequence difference creates an apparent 
heterogeneity in the amino acids encoded therein, which would be either CYS or TYR, for G or A, 
r spectively. This heterogeneity may hav important ramifications in terms of protein folding. 
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Nucleotide residue #2 in clone 8h HCV cDNA is a T. However, as shown infra, the corresponding 
residue in clone 7e is an A; moreover, an A in this position is also found in 3 other isolated overlapping 
clones. Thus, the T residue in clone 8h may r present a cloning artifact. Therefore, in Fig. 26, the r sidue in 
this position is designated as an A. 
5 The 3'-terminal nucleotide in clone 8f HCV cDNA is a G. However, the corresponding residue in clone 
33f, and in 2 other overlapping clones is a T. Therefore, in Fig. 26, the residu in this position is designated 
as a T. 

The 3'-terminal sequence in clone 33f HCV cDNA is TTGC. However, the corresponding sequence in 
clone 33g and in 2 other overlapping clones is ATTC. Therefore, in Fig. 26, the corresponding region is 
10 represented as ATTC. 

Nucleotide residue #4 in clone 33g HCV cDNA is a T. However, in clone 33f and in 2 other overlapping 
clones the corresponding residue fs an A. Therefore, in Fig. 26, the corresponding residue is designated as 
an A. 

The 3*-terminus of clone 14i is an AA, whereas the corresponding dinucleotide in clone 11b, and in 
75 three other clones, is TA. Therefore, in Fig. 26, the TA residue is depicted. 
The resolution of other sequence heterogeneities is discussed supra. 

An examination of the composite HCV cDNA indicates that it contains one large ORF. This suggests 
that the viral genome is translated into a large polypeptide which is processed concomitant with, or 
subsequent to translation. 

20 

IVA19. Isolation and Nucleotide Sequences of HCV cDNAs in Clones 12f, 35f, 19g, 26g, and 15e 

The HCV cDNAs in clones 12f, 35f, 19g, 26g, and 15e were isolated essentially by the technique 
described in Section IV.A.17, except that the probes were as indicated below. The frequency of clones 
25 which hybridized with the probes was approximately 1 in 50,000 in each case. The nucleotide sequences of 
the HCV cDNAs in these clones were determined essentially as described in Section IV.A.2., except that the 
cDNA from the indicated clones were substituted for the cDNA isolated from clone 5-1-1. 

The isolation of clone 12f, which contains cDNA upstream of the HCV cDNA in Fig. 26, was 
accomplished using a hybridization probe based on the sequence of nucleotides in clone 14i. The 
30 nucleotide sequence of the probe was 

5' TGC TTG TGG ATG ATG CTA CTC ATA TCC CAA 3\ 
The HCV cDNA sequence of clone 12f, its overlap with clone I4i, and the amino acids encoded therein are 
shown in Fig. 27. 

The isolation of clone 35f, which contains cDNA downstream of the HCV cDNA in Fig. 26, was 
35 accomplished using a hybridization probe based on the sequence of nucleotides in clone 39c. The 
nucleotide sequence of the probe was 

5* AGC AGC GGC GTC AAA AGT GAA GGC TAA CTT 3\ 
The sequence of clone 35f, its overlap with the sequence in clone 39c, and the amino acids encoded 
therein are shown in Fig. 28. 
40 The isolation of clone 19g was accomplished using a hybridization probe based on the 3* sequence of 
clone 35f. The nucleotide sequence of the probe was 

5 1 TTC TCG TAT GAT ACC CGC TGC TTT GAC TCC 3\ 
The HCV cDNA sequence of clone 19g, its overlap with the sequence in clone 35f, and the amino acids 
encoded therein are shown in Fig. 29. 
45 The isolation of clone 26g was accomplished using a hybridization probe based on the 3' sequence of 
clone 19g. The nucleotide sequence of the probe was 

5' TGT GTG GCG ACG ACT TAG TCG TTA TCT GTG 3'. 
The HCV cDNA sequence of clone 26g, its overlap with the sequence in clone 19g, and the amino acids 
encoded therein are shown in Fig. 30. 
so Clone I5e was isolated using a hybridization probe based on the 3' sequence of clone 26 g. The 
nucleotide sequence of the probe was 

5' CAC ACT CCA GTC AAT TCC TGG CTA GGC AAC 3\ 
The HCV cDNA sequence of clone 15e, its overlap with the sequence in clone 26g, and the amino acids 
encoded therein ar shown in Fig. 31 . 
55 The clones described in this Section have been deposited with the ATCC under the terms and 
conditions described in Section II A., and have been assigned the following Accession Numbers. 
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Iambda-gt1 1 


ATCC No. 


Deposit Date 


clone 12f 


40514 


10 November 1988 


clone 35f 


40511 


10 November 1988 


clone 15e 


40513 


10 November 1988 


clone k9-1 


40512 


10 November 1988 



The HCV cDNA sequences in the isolated clones described supra, have been aligned to create a 
composite HCV cDNA sequence. The isolated clones, aligned in the 5, to 3* direction are: 12f, 14t, 7f, 7e, 
8h, 33c, 40b, 37b. 35, 36, 81, 32, 33b, 25c, 14c, 8f 33f, 33g, 39c, 35f. 19g, 26g, and 15e. 

A composite HCV cDNA sequence derived from the isolated clones, and the amino acids encoded 
therein, is shown in Fig. 32. 

IVA20. Alternative Method of Isolating cDNA Sequences Upstream of the HCV cDNA Sequence in Clone 
12f 

Based on the most 5* HCV sequence in Fig. 32, which is derived from the HCV cDNA in clone 12f, 
small synthetic oligonucleotide primers of reverse transcriptase are synthesized and used to bind to the 
corresponding sequence in HCV genomic RNA, to prime reverse transcription of the u pstrea m sequences. 
The primer sequences are proximal to the known S'-terminal sequence of clone 12f, but sufficiently 
downstream to allow the design of probe sequences upstream of the primer sequences. Known standard 
methods of priming and cloning are used. The resulting cDNA libraries are screened with sequences 
upstream of the priming sites (as deduced from the elucidated sequence in clone 12f). The HCV genomic 
RNA is obtained from either plasma or liver samples from chimpanzees with NANBH, or from analogous 
samples from humans with NANBH. 

IV.A.21 . Alternative Method Utilizing Tailing to Isolate Sequences from the S'-Terminal Region of the HCV 
Genome 



In order to isolate the extreme ^-terminal sequences of the HCV RNA genome, the cDNA product of 
the first round of reverse transcription, which is duplexed with the template RNA, is tailed with oligo C. This 
is accomplished by incubating the product with terminal transferase in the presence of CTP. The second 
round of cDNA synthesis, which yields the complement of the first strand of cDNA, is accomplished utilizing 
oligo G as a primer for the reverse transcriptase reaction. The sources of genomic HCV RNA are as 
described in Section IV.A.20. The methods for tailing with terminal transferase, and for the reverse 
transcriptase reactions are as in Maniatis et al. (1982). The cDNA products are then cloned, screened, and 
sequenced. 

IV.A.22. Alternative Method Utilizing Tailing to Isolate Sequences from the 3'-Terminal Region of the HCV 
Genome ' 



This method is based on previously used methods for cloning cDNAs of Flavivirus RNA. In this method, 
the RNA is subjected to denaturing conditions to remove secondary structures at the 3'-terminus, and is 
then tailed with Poly A polymerase using rATP as a substrate. Reverse transcription of the poly A tailed 
RNA is catalyzed by reverse transcriptase, utilizing oligo dT as a primer. The second strands of cDNA are 
synthesized, the cDNA products are cloned, screened, and sequenced. 

IV.A.23 Creation of Lambda-gt1 1 HCV cDNA Libraries Containing Larger cDNA Inserts 

The method used to create and screen the Lambda gt11 libraries are essentially as described in 
Section IV.A.1., except that the library is generated from a pool of larger size cDNAs eluted from the 
Sepharose CL-4B column. 

IVA24. Creation of HCV cDNA Libraries Using Synthetic Oligomers as Primers 

New HCV cDNA librari s hav been prepar d from the RNA derived from th infectious chimpanzee 
plasma pool described in Section IV A 1., and from the poly A + RNA fraction derived from the liver of this 
infected animal. The cDNA was construct d essentially as described by Gubler and Hoffman (1983), xcept 
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that the primers for the first cDNA strand synthesis were two synthetic oligomers based on the sequenc of 
the HCV genome described supra. Primers based on the sequ nee of clone 11b and 7 were, respectively, 



5 5' CTG GCT TGA AGA ATC 3' 

and 

10 

5 ' AGT TAG GCT GGT GAT TAT GC 3'. 



The resulting cDNAs were cloned into lambda bacteriophage vectors, and screened with various other 
75 synthetic oligomers, whose sequences were based on the HCV sequence in Fig. 32, 

IV.B. Expression of Polypeptides Encoded Within HCV cDNAs and Identification of the Expressed Products 
as HCV Induced Antigens . 

20 iV.B.i . Expression of the Poiy peptide Encoded in Cione 5-1-1 . 

The HCV polypeptide encoded within clone 5-1-1 (see Section IVA.2., supra) was expressed as a 
fusion polypeptide with superoxide dismutase (SOD). This was accomplished by subcloning the clone 5-1-1 
cDNA insert into the expression vector pSODcfl (Steimer et al. (1986)) as follows. 
25 First, DNA isolated from pSODcfl was treated with BamHI and EcoRI, and the following linker was 
ligated into the linear DNA created by the restriction enzymes: 

5' GAT CCT GGA ATT CTG ATA A 3' 

30 

3' GA CCT TAA GAC TAT TTT AA 5' 

After cloning, the plasmid containing the insert was isolated. 
35 Plasmid containing the insert was restricted with EcoRI. The HCV cDNA insert in clone 5-1-1 was 
excised with EcoRI, and ligated into this EcoRI linearized plasmid DNA. The DNA mixture was used to 
transform E. coli strain D1210 (Sadler et al. (1980)). Recombinants with the 5-1-1 cDNA in the correct 
orientation Tor"expression of the ORF shown in Rg. 1 were identified by restriction mapping and nucleotide 
sequencing. 

40 Recombinant bacteria from one clone were induced to express the SOD-NANB5-1-1 polypeptide by 
growing the bacteria in the presence of IPTG. 

IV.B.2. Expression of the Polypeptide Encoded in Clone 81 . 

45 The HCV cDNA contained within clone 81 was expressed as a SOD-NANBsi fusion polypeptide. The 
method for preparing the vector encoding this fusion polypeptide was analogous to that used for the 
creation of the vector encoding SOD-NANBs-1-1, except that the source of the HCV cDNA was clone 81, 
which was isolated as described in Section IV A3, and for which the cDNA sequence was determined as 
described in Section IV A4. The nucleotide sequence of the HCV cDNA in clone 81, and the putative amino 

50 acid sequence of the polypeptide encoded therein are shown in Rg. 4. 

The HCV cDNA insert in clone 81 was excised with EcoRI, and ligated into the pSODcfl which 
contained the linker (see IV.B.1.) and which was linearized by treatment with EcoRI. The DNA mixture was 
used to transform E. coli strain D1210. R combinants with the clone 81 HCV cDNA in the correct orientation 
for xpression of~~the~ ORF shown in Rg. 4 were identified by restriction mapping and nucleotide 

65 sequencing. 

Recombinant bacteria from one clone were induced to express the SOD-NANBsi polypeptide by 
growing the bacteria in the presence of IPTG. 



36 



EP 0 318 216 B1 



IV.B.3. Identification of the Polypeptide Encoded Within Clone 5-1*1 as an HCV and NANBH Associated 
Antigen " 

The polypeptide encoded within the HCV cDNA of clone 5-1-1 was identified as a NANBH associated 
5 antigen by demonstrating that sera f chimpanzees and humans infected with NANBH reacted im- 
munologically with the fusion polypeptide, SOD-NAN B5-1 -1 , which is comprised f superoxide dismutase at 
its N-terminus and the in-frame 5-1-1 antigen at its C-terminus. This was accomplished by "Western" 
blotting (Towbin et al. (1979)) as follows. 

A recombinant strain of bacteria transformed with an expression vector encoding the SOD-NANB5-1-1 

10 polypeptide, described in Section IV.B.L, was induced to express the fusion polypeptide by growth in the 
presence of IPTG. Total bacterial lysate was subjected to electrophoresis through polyacrylamide gels in 
the presence of SDS according to Laemmli (1970). The separated polypeptides were transferred onto 
nitrocellulose filters (Towbin et al. (1979)). The filters were then cut into thin strips, and the strips were 
incubated individually with the different chimpanzee and human sera. Bound antibodies were detected by 

75 further incubation with 125 l-labeled sheep anti-human Ig, as described in Section IV.A.1. 

The characterization of the chimpanzee sera used for the Western blots and the results, shown in the 
photograph of the autoradiographed strips, are presented in Fig. 33. Nitrocellulose strips containing 
polypeptides were incubated with sera derived from chimpanzees at different times during acute NANBH 
(Hutchinson strain) infections (lanes 1-16), hepatitis A infections (lanes 17-24, and 26-33), and hepatitis B 

20 infections (lanes 34-44). Lanes 25 and 45 show positive controls in which the immunoblots were incubated 
with serum from the patient used to identify the recombinant clone 5-1-1 in the original screening of the 
Iambda-gt11 cDNA library (see Section IV.A.1.). 

The band visible in the control lanes, 25 and 45, in Fig. 23 reflects the binding of antibodies to the 
NANBs-1-1 moiety of the SOD fusion polypeptide. These antibodies do not exhibit binding to SOD alone, 

25 since this has also been included as a negative control in these samples, and would have appeared as a 
band migrating significantly faster than the SOD-NANB5-1-1 fusion polypeptide. 

Lanes 1-16 of Fig. 33 show the binding of antibodies in sera samples of 4 chimpanzees; the sera were 
obtained just prior to infection with NANBH, and sequentially during acute infection. As seen from the figure, 
whereas antibodies which reacted immunologically with the SOD-NANB5-1-1 polypeptide were absent in 

30 sera samples obtained before administration of infectious HCV inoculum and during the early acute phase 
of infection, all 4 animals eventually induced circulating antibodies to this polypeptide during the late part of, 
or following the acute phase. Additional bands observed on the immunoblots in the cases of chimps 
numbers 3 and 4 were due to background binding to host bacterial proteins. 

In contrast to the results obtained with sera from chimps infected with NANBH, the development of 

35 antibodies to the NANB5-1-1 moiety of the fusion polypeptide was not observed in 4 chimpanzees infected 
with HAV or 3 chimpanzees infected with HBV. The only binding in these cases was background binding to 
the host bacterial proteins, which also occurred in the HCV infected samples. 

The characterization of the human sera used for the Western blots, and the results, which are shown in 
the photograph of the autoradiographed strips, are presented in Fig. 34. Nitrocellulose strips containing 

40 polypeptides were incubated with sera derived from humans at different times during infections with NANBH 
(lanes 1-21), HAV (lanes 33-40), and HBV (lanes 41-49). Lanes 25 and 50 show positive controls in which 
the immunoblots were incubated with serum from patient used in the original screening of the Iambda-gt1 1 
library, described supra. Lanes 22-24 and 26-32 show "non-infected" controls in which the sera was from 
"normal" blood donors. 

45 As seen in Fig. 34, sera from nine NANBH patients, including the serum used for screening the lambda- 
gt11 library, contained antibodies to the NANBs-1-1 moiety of the fusion polypeptide. Sera from three 
patients with NANBH did not contain these antibodies, ft is possible that the anti-NANBs-1-1 antibodies will 
develop at a future date in these patients. It is also possible that this lack of reaction resulted from a 
different NANBV agent being causative of the disease in the individuals from which the non-responding 

50 serum was taken. 

Rg. 34 also shows that sera from many patients infected with HAV and HBV did not contain anti- 
NANB5-1-1 antibodies, and that these antibodies were also not present in the sera from "normal" controls. 
Although one HAV patient (lane 36) appears to contain anti-NANBs-1-1 antibodies, it is possible that this 
patient had be n pr viously infected with HCV, since the incidence of NANBH is v ry high and since it is 
65 often subclinical. 

These serological studies indicate that the cDNA in clone 5-1-1 encod s epitopes which are recognized 
specifically by sera from patients and animals infected with BB-NANBV. In addition, the cDNA does not 
appear to be derived from the primate genome. A hybridization probe made from clone 5-1-1 or from clone 
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81 did not hybridize to "Southern" blots of control human and chimpanzee genomic DNA from uninfected 
individuals under conditions where uniqu . single-copy genes are detectable. These probes also did not 
hybridize to Southern blots f control bovine genomic DNA. 

5 IV.B.4. Expression of the Polypeptide Encoded in a Composite of the HCV cDNAs in Clones 36, 81 and 32 

The HCV polypeptide which is encoded in the ORF which extends through clones 36, 81 and 32 was 
expressed as a fusion polypeptide with SOD. This was accomplished by inserting the composite cDNA, 
C100, into an expression cassette which contains the human superoxide dismutase gene, inserting the 

io expression cassette into a yeast expression vector, and expressing the polypeptide in yeast. 

An expression cassette containing the composite C100 cDNA derived from clones 36, 81, and 32, was 
constructed by inserting the ~1270bp EcoRI fragment into the EcoRI site of the vector pS3-56 (also called 
pS356), yielding the plasmid pS3-56 C ioo. The construction of C100 is described in Section IVA16. supra. 
The vector pS3-56, which is a pBR322 derivative, contains an expression cassette which is comprised 

75 of the ADH2/GAPDH hybrid yeast promoter upstream of the human superoxide dismutase gene, and a 
downstream GAPDH transcription terminator. A similar cassette, which contains these control elements and 
the superoxide dismutase gene has been described in Cousens et al. (1987), and in copending application 
EPO 196,056, published October 1, 1986, which is commonly owned by the herein assignee. The cassette 
in pS3-56, however, differs from that in Cousens et al. (1987) in that the heterologous proinsulin gene and 

2Q the immunoglobulin hinge are deleted, and in that the gin* s* -oMhe superoxide dismutase is followed by an 
adaptor sequence which contains an EcoRI site. The sequence of the adaptor is: 

5'-AAT TTG GGA ATT CCA TAA TGA G -3' 
25 AC CCT TAA GGT ATT ACT CAG CT 

The EcoRI site allows the insertion of heterologous sequences which, when expressed from a vector 
containing the cassette, yield polypeptides which are fused to superoxide dismutase via an oligopeptide 
30 linker containing the amino acid sequence: 
-asn-leu-gly-ile-arg-. 

A sample of pS356 has been deposited on 29 April 1988 under the terms of the Budapest Treaty with 
the American Type Culture Collection (ATCC), 12301 Parklawn Dr., Rockville, Maryland 20853, and has 
been assigned Accession No. 67683. The terms and conditions for availability and access to the deposit, 

35 and for maintenance of the deposit are the same as those specified in Section ILA., for strains containing 
NANBV-cDNAs. This deposit is intended for convenience only, and is not required to practice the present 
invention in view of the description here. The deposited material is hereby incorporated herein by reference. 

After recombinants containing the C100 cDNA insert in the correct orientation were isolated, the 
expression cassette containing the C100 cDNA was excised from pS3-56 C ioo with BamHI, and a fragment of 

40 ~3400bp which contains the cassette was isolated and purified. This fragment was then inserted into the 
BamHI site of the yeast vector pAB24. 

Plasmid pAB24, the significant features of which are shown in Fig. 35, is a yeast shuttle vector which 
contains the complete 2 micron sequence for replication [Broach (1981)] and pBR322 sequences. It also 
contains the yeast URA3 gene derived from plasmid YEp24 [Botstein et al. (1979)], and the yeast LEU 2 * 1 

45 gene derived from plasmid pC1/1. EPO Pub. No. 116,201. Plasmid pAB24 was constructed by digesting 
YEp24 with EcoRI and religating the vector to remove the partial 2 micron sequences. The resulting 
plasmid, YEP24dettaRI, was linearized by digestion with Clal and ligated with the complete 2 micron 
plasmid which had been linearized with Clal. The resulting plasmid, pCBou, was then digested with Xbal 
and the 8605 bp vector fragment was gel isolated. This isolated Xbal fragment was ligated with a 4460 bp 

so Xbal fragment containing the LEU 2d gene isolated from pCl/1; the orientation of the LEU M gene is in the 
same direction as the URA3 gene. Insertion of the expression was in the unique BamHI site of the pBR322 
sequence, thus interrupting the gene for bacterial resistance to tetracycline. 

The recombinant plasmid which contained the SOD-C100 expression cassette, pAB24C10O3. was 
transformed into yeast strain JSC 308, as w II as into other yeast strains. The cells w r transformed as 

55 described by Hinnen et al. (1978), and plat d onto ura-selective plates. Single colonies were inoculated into 
leu-selective media and grown to saturation. The culture was induced to express the SOD-C100 polypeptide 
(called C 100-3) by growth in YEP containing 1% glucose. 
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Strain JSC 308 is of the genotype MAT @. Ieu2. ura3(del) DM15 (GAP/ADR1 ) integrated at the ADR1 
locus. In JSC 308, over-expression of the positive activator gene product, ADR1 , results in hyperderepres- 
sion (relative to an ADR1 wild type control) and significantly higher yields of expr ssed heterologous 
proteins when such proteins are synthesized via an ADH2 UAS regulatory system. A sample of JSC 308 
s has been deposited on 5 May 1988 with the ATCC under the conditions of the Budapest Treaty, and has 
been assigned Accession No. 20879. The terms and conditions for availability and access to the deposit, 
and for maintenance of the deposit are the same as those specified in Section II A, for strains containing 
HCV cDNAs. 

The complete C100-3 fusion polypeptide encoded in pAB24Cl00-3 should contain 154 amino acids of 
w human SOD at the amino-terminus, 5 amino acid residues derived from the synthetic adaptor containing the 
EcoRI site, 363 amino acid residues derived from C100 cDNA, and 5 carboxy-terminal amino acids derived 
from the MS2 nucleotide sequence adjoining the HCV CDNA sequence in clone 32. (See Section IV.A.7.) 
The putative amino acid sequence of the carboxy-terminus of this polypeptide, beginning at the penultimate 
Ala residue of SOD, is shown in Fig. 36; also shown is the nucleotide sequence encoding this portion of the 
75 polypeptide. 

IV.B.5. Identification of the Polypeptide Encoded within C1 00 as an NANBH Associated Antigen 

The C100-3 fusion polypeptide expressed from plasmid pAB24C100-3 in yeast strain JSC 308 was 

20 characterized with respect to~size. and the polypeptide encoded within CI 00 was identified as an NANBH- 
associated antigen by its immunological reactivity with serum from a human with chronic NANBH. 

The C100-3 polypeptide, which was expressed as described in Section IV.B.4., was analyzed as follows. 
Yeast JSC 308 cells were transformed with pAB24, or with pAB24Cl00-3, and were induced to express the 
heterologous plasmid encoded polypeptide. The induced yeast cells in 1 ml of culture (ODeso nm "20) were 

25 pelleted by centrifugation at 10,000 rpm for 1 minute, and were lysed by vortexing them vigorously (10x1 
min) with 2 volumes of solution and 1 volume of glass beads (0.2 millimicron diameter). The solution 
contained 50 mM Tris-HCI, pH 8.0, 1 mM EDTA, 1mM phenylmethylsutphonyl fluoride (PMSF). and 1 
microgram/ml pepstatin. Insoluble material in the lysate, which includes the C100-3 polypeptide, was 
collected by centrifugation (10,000 rpm for 5 minutes), and was dissolved by boiling for 5 minutes in 

30 Laemmli SDS sample buffer. [See Laemmli (1970)]. An amount of polypeptides equivalent to that in 0.3 ml 
of the induced yeast culture was subjected to electrophoresis through 10% polyacrylamide gels in the 
presence of SDS according to Laemmli (1970). Protein standards were co-electrophoresed on the gels. Gels 
containing the expressed polypeptides were either stained with Coomassie brilliant blue, or were subjected 
to "Western" blotting as described in Section IV.B.2., using serum from a patient with chronic NANBH to 

35 determine the immunological reactivity of the polypeptides expressed from pAB24 and from pAB24C100-3. 
The results are shown in Fig. 37. In Fig. 37A the polypeptides were stained with Coomassie brilliant 
blue. The insoluble polypeptide(s) from JSC 308 transformed with pAB24 and from two different colonies of 
JSC transformed with pAB24C100-3 are shown in lane 1 (pAB24), and lanes 2 and 3, respectively. A 
comparison of lanes 2 and 3 with lane 1 shows the induced expression of a polypeptide corresponding to a 

40 molecular weight of "54,000 daltons from JSC 308 transformed with pAB24C 100-3, which is not induced in 
JSC 308 transformed with pAB24. This polypeptide is indicated by the arrow. 

Fig. 37B shows the results of the Western blots of the insoluble polypeptides expressed in JSC 308 
transformed with pAB24 (lane 1), or with pAB24C100-3 (lane 2). The polypeptides expressed from pAB24 
were not immunologically reactive with serum from a human with NANBH. However, as indicated by the 

45 arrow, JSC 308 transformed with pAB24C100-3 expressed a polypeptide of "54,000 dalton molecular weight 
which did react immunologically with the human NANBH serum. The other immunologically reactive 
polypeptides in lane 2 may be degradation and/or aggregation products of this "54,000 dalton polypeptide. 

IV.B.6. Purification of Fusion Polypeptide C 100-3 

50 

The fusion polypeptide, C 100-3, comprised of SOD at the N-terminus and in-frame C100 HCV- 
polypeptide at the C-terminus was purified by differential extraction of the insoluble fraction of the extracted 
host yeast cells in which the polypeptide was expressed. 

The fusion polypeptid , C 100-3, was expressed in yeast strain JSC 308 transformed with pAB24C 100-3, 
55 as described in Section IV.B.4. The yeast cells were then lysed by homogenization, the insoluble material in 
the lysate was extracted at pH 12.0, and C10O-3 in the remaining insolubl fraction was solubilized in buffer 
containing SDS. 
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The yeast lysate was prepared essentially according to Nagahuma et al. (1984). A yeast cell suspension 
was prepared which was 33% cells (v/v) suspended in a solution (Buffer A) containing 20 mM Tris HCI, pH 
8.0. 1 mM dithiothreitol, and 1 mM phenylmethylsutfonytfluoride (PMSF). An aliquot of the suspension (15 
ml) was mixed with an equal volume of glass beads (0.45-0.50 mm diameter), and the mixture was vortexed 

5 at top speed on a Super Mixer (Lab Line Instruments, Inc.) for 8 min. The homogenate and glass beads 
were separated, and the glass beads were washed 3 times with the same volume of Buffer A as the original 
packed cells. After combining the washes and homogenate, the insoluble material in the lysate was obtained 
by centrifuging the homogenate at 7,000 x g for 15 minutes at 4*C, resuspending the pellets in Buffer A 
qua! to twice the volume of original packed cells, and re-pelleting the material by centrifugation at 7,000 x 

to g for 15 min. This washing procedure was repeated 3 times. 

The insoluble material from the lysate was extracted at pH 12.0 as follows. The pellet was suspended in 
buffer containing 0.5 M NaCI, 1 mM EDTA, where the suspending volume was equal to 1 .8 times the of the 
original packed cells. The pH of the suspension was adjusted by adding 0.2 volumes of 0.4 M Na 
phosphate buffer, pH 12.0. After mixing, the suspension was centrifuged at 7,000 x g for 15 min at 4* C, and 

75 the supernatant removed. The extraction was repeated 2 times. The extracted pellets were washed by 
suspending them in 0.5 M NaCI, 1 mM EDTA, using a suspension volume equal to two volumes of the 
original packed cells, followed by centrifugation at 7,000 x g for 15 min at 4 • C. 

The C100-3 polypeptide in the extracted pellet was solubilized by treatment with SDS. The pellets were 
suspended in Buffer A equal to 0.9 volumes of the original packed cell volume, and 0.1 volumes of 2% SDS 

20 was added. After the suspension was mixed, M was centrifuged at 7,000 x g for 15 min at 4 • G. The 
resulting pellet was extracted 3 more times with SDS. The resulting supernatants, which contained C 100-3 
were pooled. 

This procedure purifies C100-3 more than 10-fold from the insoluble fraction of the yeast homogenate, 
and the recovery of the polypeptide is greater than 50%., 
25 The purified preparation of fusion polypeptide was analyzed by polyacrylamide gel electrophoresis 
according to Laemmli (1970). Based upon this analysis, the polypeptide was greater than 80% pure, and 
had an apparent molecular weight of "54,000 daltons. 

IV.C. Identification of RNA in Infected Individuals Which Hybridizes to HCV cDNA . 

30 

1V.C.1 . Identification of RNA in the Liver of a Chimpanzee With NANBH Which Hybridizes to HCV cDNA . 

RNA from the liver of a chimpanzee which had NANBH was shown to contain a species of RNA which 
hybridized to the HCV cDNA contained within clone 81 by Northern blotting, as follows. 

35 RNA was isolated from a liver biopsy of the chimpanzee from which the high titer plasma was derived 
(see Section IVA1.) using techniques described in Maniatis et al. (1982) for the isolation of total RNA from 
mammalian cells, and for its separation into poly A + and poly A" fractions. These RNA fractions were 
subjected to electrophoresis on a formaldehyde/agarose gel (1% w/v), and transferred to nitrocellulose. 
(Maniatis et al. (1982)). The nitrocellulose filters were hybridized with radiolabeled HCV CDNA from clone 

40 81 (see Fig. 4 for the nucleotide sequence of the Insert.) To prepare the radiolabeled probe, the HCV cDNA 
insert isolated from clone 81 was radiolabeled with by nick translation using DNA Polymerase I (Maniatis 
et al. (1982)). Hybridization was for 18 hours at 42* C in a solution Containing 10% (w/v) Dextran sulphate, 
50% (w/v) deionized formamide, 750 mM NaCI, 75 mM Na citrate, 20 mM Na2HPOi. pH 6.5, 0.1% SDS, 
0.02% (w/v) bovine serum albumin (BSA), 0.02% (w/v) Ficoll-400, 0.02% (w/v) polyvinylpyrrolidone, 100 

4$ micrograms/ml salmon sperm DNA which had been sheared by sonication and denatured, and 10 s CPM/ml 
of the nick-translated CDNA probe. 

An autoradiograph of the probed filter is shown in Fig. 38. Lane 1 contains ^P-labeled restriction 
fragment markers. Lanes 2-4 contain chimpanzee liver RNA as follows: lane 2 contains 30 micrograms of 
total RNA; lane 3 contains 30 micrograms of poly A- RNA; and lane 4 contains 20 micrograms of poly A+ 

so RNA. As shown in Fig. 38, the liver of the chimpanzee with NANBH contains a heterogeneous population of 
related poly A + RNA molecules which hybridizes to the HCV CDNA probe, and which appears to be from 
about 5000 nucleotides to about 11,000 nucleotides in size. This RNA, which hybridizes to the HCV cDNA, 
could represent viral genomes and/or specific transcripts of the viral genome. 

The experiment described in S ction IV.C.2., infra, is consistent with the suggestion that HCV contains 

55 an RNA genom . 
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IV.C.2. Identification of HCV Derived RNA in Serum from Infected Individuals . 

Nucleic acids were extracted from particles isolated from high titer chimpanz e NANBH plasma as 
described in Section IV.A.1.. Aliquots (equivalent to 1 ml of original plasma) of the isolated nucleic acids 

5 were resuspended in 20 microliters 50 mM Hepes, pH 7.5, 1 mm EDTA and 16 micrograms/ml yeast 
soluble RNA. The samples w re denatured by boiling for 5 minutes followed by immediate freezing, and 
were treated with RNase A (5 microliters containing 0.1 mg/ml RNase A in 25 mM EDTA, 40 mM Hepes, pH 
7.5) or with DNase I (5 microliters containing 1 unit DNase I in 10 mM MgCk, 25 mM Hepes, pH 7.5); 
control samples were incubated without enzyme. Following incubation, 230 microliters of ice-cold 2XSSC 

io containing 2 micrograms/ml yeast soluble RNA was added, and the samples were filtered on a nitrocellulose 
filter. The filters were hybridized with a cDNA probe from clone 81, which had been ^P-labeled by nick- 
translation. Fig. 39 shows an autoradiograph of the filter. Hybridization signals were detected in the DNase 
treated and control samples (lanes 2 and 1, respectively), but were not detected in the RNase treated 
sample (lane 3). Thus, since RNase A treatment destroyed the nucleic acids isolated from the particles, and 

75 DNase I treatment had no effect, the evidence strongly suggests that the HCV genome is composed of 
RNA. 

IV.C.3. Detection of Amplified HCV Nucleic Acid Sequences derived from HCV Nucleic Acid Sequences in 
Liver arid~Plasma Specimens from Chimpanzees with NANBH 

HCV nucleic acids present in liver and plasma of chimpanzees with NANBH, and in control chim- 
panzees, were amplified using essentially the polymerase chain reaction (PCR) technique described by 
Saiki et al. (1986). The primer oligonucleotides were derived from the HCV cDNA sequences in clone 81, or 
clones 36 and 37. The amplified sequences were detected by gel electrophoresis and Southern blotting, 

25 using as probes the appropriate cDNA oligomer with a sequence from the region between, but not 
including, the two primers. 

Samples of RNA Containing HCV sequences to be examined by the amplification system were isolated 
from liver biopsies of three chimpanzees with NANBH, and from two control chimpanzees. The isolation of 
the RNA fraction was by the guanidinium thiocyanate procedure described in Section IV.C.1. 

30 Samples of RNA which were to be examined by the amplification system were also isolated from the 
plasmas of two chimpanzees with NANBH, and from one control chimpanzee, as well as from a pool of 
plasmas from control chimpanzees. One infected chimpanzee had a CID/ml equal to or greater than 10 6 , 
and the other infected chimpanzee had a CID/ml equal to or greater than 10 s . 

The nucleic acids were extracted from the plasma as follows. Either 0.1 ml or 0.01 ml of plasma was 

35 diluted to a final volume of 1.0 ml, with a TENB/proteinase K/SDS solution (0.05 M Tris-HCL, pH 8.0, 0.001 
M EDTA, 0.1 M NaCI, 1 mg/ml Proteinase K, and 0.5% SDS) containing 10 micrograms/ml polyadenylic 
acid, and incubated at 37 *C for 60 minutes. After this proteinase K digestion, the resultant plasma fractions 
were deproteinized by extraction with TE (10.0 mM Tris-HCI, pH 8.0, 1 mM EDTA) saturated phenol. The 
phenol phase was separated by centrifugation, and was reextracted with TENB containing 0.1% SDS. The 

40 resulting aqueous phases from each extraction were pooled, and extracted twice with an equal volume of 
phenol/chloroform/isoamyl alcohol [1:1(99:2)], and then twice with an equal volume of a 99:1 mixture of 
chloroform/isoamyl alcohol. Following phase separation by centrifugation, the aqueous phase was brought to 
a final concentration of 02 M Na Acetate, and the nucleic acids were precipitated by the addition of two 
volumes of ethanol. The precipitated nucleic acids were recovered by ultracentrifugation in a SW 41 rotor at 

45 38 K, for 60 minutes at 4 • C. 

In addition to the above, the high titer chimpanzee plasma and the pooled control plasma alternatively 
were extracted with 50 micrograms of poly A carrier by the procedure of Chomcyzski and Sacchi (1987). 
This procedure uses an acid guanidinium thiocyanate extraction. RNA was recovered by centrifugation at 
10,000 RPM for 10 minutes at 4* C in an Eppendorf microfuge. 

so On two occasions, prior to the synthesis of cDNA in the PCR reaction, the nucleic acids extracted from 
plasma by the proteinase K/SDS/phenol method were further purified by binding to and elution from S and 
S Elutip-R Columns. The procedure followed was according to the manufacturer's directions. 

The cDNA used as a template for the PCR reaction was derived from the nucleic acids (either total 
nucleic acids or RNA) prepared as d scribed above. Following ethanol precipitation, the precipitat d nucleic 

55 acids wer dried, and resuspended in DEPC treated distilled water. Secondary structures in the nucleic 
acids were disrupted by heating at 65* C for 10 minutes, and the samples were immediately cooled on ic . 
cDNA was synthesized using 1 to 3 micrograms of total chimpanzee RNA from liver, or from nucleic acids 
(or RNA) extracted from 10 to 100 microliters of plasma. Th synthesis utilized reverse transcriptase, and 
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was in a 25 microliter reaction, using the protocol specified by the manufacturer, BRL The prim rs for 
cDNA synthesis were those also utilized in the PGR reaction, described below. All reaction mixtur s for 
cDNA synthesis contained 23 units of the RIMAase inhibitor, RNASIN (Fisher/Promega). Following cDNA 
synthesis, the reaction mixtures were diluted with water, boiled for 10 minutes, and quickly chilled on ice. 
s The PCR reactions wer performed essentially according to the manufacturer's directions (Cetus- 
Perkin-Elmer), except for the addition of 1 microgram of RNase A. The reactions were carried out in a final 
volume of 100 microliters. The PCR was performed for 35 cycles, utilizing a regimen of 37 # C, 72 # C, and 

94 -a 

The primers for cDNA synthesis and for the PCR reactions were derived from the HCV cDNA 
10 sequences in either clone 81 , clone 36, or clone 37b. (The HCV cDNA sequences of clones 81 , 36, and 37b 
are shown in Figs. 4, 5, and 10, respectively.) The sequences of the two 16-mer primers derived from clone 
81 were: 

75 5 ' CAA TCA TAC CTG ACA G 3' 

and 

5 ' GAT AAC CTC TGC CTG A3'. 

The sequence of the primer from clone 36 was: 

5' GCA TGT CAT GAT GTA T 3'. 
The sequence of the primer from clone 37b was: 
5' ACA ATA CGT GTG TCA C 3\ 

25 In the PCR reactions, the primer pairs consisted of either the two 16-mers derived from clone 81, or the 16- 
mer from clone 36 and the 16-mer from clone 37b. 

The PCR reaction products were analyzed by separation of the products by alkaline gel electrophoresis, 
followed by Southern blotting, and detection of the amplified HCV-cDNA sequences with a ^P-labeled 
internal oligonucleotide probe derived from a region of the HCV cDNA which does not overlap the primers. 

30 The PCR reaction mixtures were extracted with phenol/chloroform, and the nucleic acids precipitated from 
the aqueous phase with salt and ethanol. The precipitated nucleic acids were collected by centrrfugation, 
and dissolved in distilled water. Aliquots of the samples were subjected to electrophoresis on 1.8% alkaline 
agarose gels. Single stranded DNA of 60, 108, and 161 nucleotide lengths were co-electrophoresed on the 
gels as molecular weight markers. After electrophoresis, the DNAs in the gel were transferred onto Biorad 

35 Zeta Probe™ paper. Prehybridization and hybridization, and wash conditions were those specified by the 
manufacturer (Biorad). 

The probes used for the hybridization-detection of amplified HCV cDNA sequences were the following. 
When the pair of PCR primers were derived from clone 81, the probe was an 108-mer with a sequence 
corresponding to that which is located in the region between the sequences of the two primers. When the 

40 pair of PCR primers were derived from clones 36 and 37b, the probe was the nick-translated HCV cDNA 
insert derived from clone 35. The primers are derived from nucleotides 155-170 of the clone 37b insert, and 
206-268 of the clone 36 insert. The 3'-end of the HCV cDNA insert in clone 35 overlaps nucleotides 1-186 
of the insert in clone 36; and the 5'-end of clone 35 insert overlaps nucleotides 207-269 of the insert in 
clone 37b. (Compare Figs. 5, 8 and 10.) Thus, the cDNA insert in clone 35 spans part of the region between 

45 the sequences of the clone 36 and 37b derived primers, and is useful as a probe for the amplified 
sequences which include these primers. 

Analysis of the RNA from the liver specimens was according to the above procedure utilizing both sets 
of primers and probes. The RNA from the liver of the three chimpanzees with NANBH yielded positive 
hybridization results for amplification sequences of the expected size (161 and 586 nucleotides for 81 and 

so 36 and 37b, respectively), while the control chimpanzees yielded negative hybridization results. The same 
results were achieved when the experiment was repeated three times. 

Analysis of the nucleic acids and RNA from plasma was also according to the above procedure utilizing 
the primers and probe from clone 81. The plasmas were from two chimpanzees with NANBH, from a control 
chimpanz e, and pooled plasmas from control chimpanzees. Both of the NANBH plasmas contained nucleic 

65 acids/RNA which yielded positive results In the PCR amplified assay, while both of the control plasmas 
yielded negative results. These results have been repeatably obtained several times. 
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IV.D. Radioimmunoassay for Detecting HCV Antibodies in Serum from Infected Individuals 

Solid phase radioimmunoassays to detect antibodies to HGV antigens were developed based upon Tsu 
and Herzenberg (1960). Microtiter plates (Immulon 2, Removawell strips) ar coated with purified polypep- 

s tides containing HCV pitopes. The coated plates are incubated with either human serum samples 
suspected of containing antibodies to the HCV epitopes, or to appropriate controls. During incubation, 
antibody, if present, is immunologically bound to the solid phase antigen. After removal of the unbound 
material and washing of the microtiter plates, complexes of human antibody-NANBV antigen are detected 
by incubation with 125 l-labeled sheep anti-human immunoglobulin. Unbound labeled antibody is removed by 

w aspiration, and the plates are washed. The radioactivity in individual wells is determined; the amount of 
bound human anti-HCV antibody is proportional to the radioactivity in the well. 

IV.D.1 . Purification of Fusion Polypeptide SOD-NANBs -i -i . 

75 The fusion polypeptide SOD-NANB5-1-1, expressed in recombinant bacteria as described in Section 
IV.B.1., was purified from the recombinant E. coli by differential extraction of the cell extracts with urea, 
followed by chromatography on anion and cation exchange columns as follows. 

Thawed cells from 1 liter of culture were resuspended in 10 ml of 20% (w/v) sucrose containing 0.01 M 
Tris HCI, pH 8.0, and 0.4 ml of 0.5M EDTA, pH 8.0 was added. After 5 minutes at 0 • C, the mixture was 

20 centrifuged at 4,000 x g for 10 -minutes. The resulting pellet was suspended in 10 m! of 25% (w/v) sucrose 
containing 0.05 M Tris HCI, pH 8.0, 1 mM phenylmethylsulfonyifluoride (PMSF) and 1 microgram/ml 
pepstatin A, followed by addition of 0.5 ml lysozyme (10 mg/ml) and incubation at 0*C for 10 minutes. After 
the addition of 10 ml 1% (v/v) Triton X-100 in 0.05 M Tris HCI, pH 8.0, 1 mM EDTA, the mixture was 
incubated an additional 10 min at 0*C with occasional shaking. The resulting viscous solution was 

25 homogenized by passage 6 times through a sterile 20-gauge hypodermic needle, and centrifuged at 13,000 
x g for 25 minutes. The pelleted material was suspended in 5 ml of 0.01 M Tris HCI pH 8.0, and the 
suspension centrifuged at 4,000 x g for 10 minutes. The pellet, which contained SOD-NANB5-1-1 fusion 
protein, was dissolved in 5 ml of 6 M urea in 0.02 M Tris HCI, pH 8.0, 1 mM dithiothreitol (Buffer A), and 
was applied to a column of Q-Sepharose Fast Row equilibrated with Buffer A. Polypeptides were eluted 

30 with a linear gradient of 0.0 to 0.3 M NaCI in Buffer A. After elution, fractions were analyzed by 
polyacrylamide gel electrophoresis in the presence of SDS to determine their content of SOD-NANB5-1-1. 
Fractions containing this polypeptide were pooled, and dialyzed against 6 M urea in 0.02 M sodium 
phosphate buffer, pH 6.0, 1 mM dithiothreitol (Buffer B). The dialyzed sample was applied on a column of 
S-Sepharose Fast Row equilibrated with Buffer B, and polypeptides eluted with a linear gradient of 0.0 to 

35 0.3 M NaCI in Buffer B. The fractions were analyzed by polyacrylamide gel electrophoresis for the presence 
of SOD-NANB5-1 -1 , and the appropriate fractions were pooled. 

The final preparation of SOD-NAN B5 -1-1 polypeptide was examined by electrophoresis on 
polyacrylamide gels in the presence of SDS. Based upon this analysis, the preparation was more than 80% 
pure. 

40 

IV.D.2. Purification of Fusion Polypeptide SOD-NANBs i . 

The fusion polypeptide SOD-NANBsi, expressed in recombinant bacteria as described in Section 
IV.B2., was purified from recombinant E. coli by differential extraction of the cell extracts with urea, followed 
45 by chromatography on anion and cafion~~exchange columns utilizing the procedure described for the 
isolation of fusion polypeptide SOD-NANB5-1-1 (See Section IV.D.1.). 

The final preparation of SOD-NANBsi polypeptide was examined by electrophoresis on polyacrylamide 
gels in the presence of SDS. Based upon this analysis, the preparation was more than 50% pure. 

so IV.D.3. Detection of Antibodies to HCV Epitopes by Solid Phase Radioimmunoassay . 

Serum samples from 32 patients who were diagnosed as having NANBH were analyzed by radioim- 
munoassay (RIA) to determine whether antibodies to HCV epitopes present in fusion polypeptides SOD- 
NANB5-1-1 and SOD-NANBsi wer detected. 
55 Microtiter plates were coated with SOD-NANB5-1-1 or SOD-NANBsi, which had been partially purified 
according to Sections IV.D.1. and IV.D.2., respectively. The assays were conducted as follows. 

One hundred microliter aliquots containing 0.1 to 0.5 micrograms of SOD-NANB5-1-1 or SOD-NANBsi 
in 0.125 M Na borate buffer, pH 8.3, 0.075 M NaCI (BBS) was added to each w II of a microtiter plate 
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(Dyhatech Immulon 2 Removawell Strips). The plate was incubated at 4*C overnight in a humid chamber, 
after which, the protein solution was removed and the wells washed 3 times with BBS containing 0.02% 
Triton X-100 (BBST). To prevent non-specific binding, the wells were coated with bovine serum albumin 
(BSA) by addition of 100 microliters of a 5 mg/ml solution of BSA in BBS followed by incubation at room 

5 temperature for 1 hour; after this incubation the BSA solution was removed. The polypeptides in the coated 
wells were react d with serum by adding 100 microliters of serum samples diluted 1:100 in 0.01 M Na 
phosphate buffer, pH 7.2, 0.15 M NaCI (PBS) containing 10 mg/ml BSA, and incubating the serum 
containing wells for 1 hr at 37 *C. After incubation, the serum samples were removed by aspiration, and the 
wells were washed 5 times with BBST. Anti-NANBs-i-i and Anti-NANBsi bound to the fusion polypeptides 

to was determined by the binding of 125 (-labeled P(ab>2 sheep anti-human IgG to the coated wells. Aliquots of 
100 microliters of the labeled probe (specific activity 5-20 microcuries/microgram) were added to each well, 
and the plates were Incubated at 37*C for 1 hour, followed by removal of excess probe by aspiration, and 5 
washes with BBST. The amount of radioactivity bound in each well was determined by counting in a counter 
which detects gamma radiation. 

75 The results of the detection of anti-NANBs-i-i and anti-NANBsi in individuals with NANBH is 
presented in Table 1 . 
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Table 1 

Dot ction of Anti-5-1-1 «nd Anti-81 in Sara of 
NANB, HAV «nd HBV Hepatitis Patients 





rati nt 
Ref L'«nce 
Number 


Diagnoiis 


S/N 
Anti-5-1-1 


Anti-81 


10 


I . 


28 l 


Chronic NANB, IVO* 
Chronic NANB, XVO 
Chronic NANB, IVO 


0.77 
1. 14 
2.11 


4.20 
5. 14 
4 .05 


75 


2. 


29 l 


AVH 3 , NANB, Sporadic 
Chronic, NANB 
Chronic, NANB 


1.09 
33.89 
36.22 


1.05 
11. 39 
13-67 


3. 


30 1 


AVH, NANB, XVO 
Chronic NANB, ivo 
Chronic NANB, XVO 


1.90 
34. 17 
32.45 


1-54 
30.28 
30.84 


20 


4 . 


31 


Chronic NANB, PT 4 


16.09 


8.05 




K 

J • 


32 l 


Late AVH NANB, IVO 
Late AVH NANB, XVO 


0.69 
0.73 


0.94 
0.68 


25 


6. 


33 1 


e imj aJfcufi vim 

Avn , NANB, IVO 
AVH, NANB, XVO 


1 .66 
1.53 


1.96 
0.56 


30 


7 


34 1 


Chronic NANB, PT 
cnromc NANB, FT 
Chronic NANB, PT 
Chronic NANB, PT 


34.40 
45.55 
41. SB 
44 .20 


7.55 

m a& mt * 

13. 11 
13.45 
IS. 48 


8. 


35 1 


AVH NANB, XVO 

• Healed" recent 

M. * a &ftee 

NANB, AVH 

• 


4s* el *m am 

31.92 
6.87 


31.95 
4.45 


35 


9. 


36 


L«t« AVH NANB PT 


11.84 


5.79 




10. 


37 


AVH NANB, XVD 


6.52 


133 




11 . 


38 


Lata AVH NANB, PT 


39.44 


39. 18 


40 


12. 


39 


Chronic NANB, PT 


42.22 


37.54 




13. 


40 


AVH, NANB, PT 


1.3S 


1.17 




14. 


41 


Chronic NANB? PT 


0.3S 


0.28 
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50 



55 
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Pati nt 
Refer nc 
Numb r 


Diagnosis 


S/N 

Afif i .5-1. 1 


Afit* i .0 1 


• 

15. 42 


AVH, NANB, IVD 


6 . 25 

W • 4fc W 




1G. 43 


Chronic NANB, PT 


0 74 


n & i 


17. 44 


AVH . NANB , PT 


5 40 


1 R 7 

1 * O J 


18. 45 


Chronic. NANB, PT 


0 . S2 




19. 46 


AVH, NANB 


23.35 




20. 47 


AVH , Type A 


1.60 


1.35 


21. 48 


AVH. Type A 


1.30 


0.66 


22. 49 


AVH, Type A 


1 .44 


0 7 4 


23. 50 


Resolved Recent AVH, 


0.48 


0.56 


24. 51 


AVH, Type A 
Resolved AVH, Type a 


0.68 
0.80 


0 .64 
0.65 


25. 52 


Resolved Recent AVH, 

Type A 
Resolved Recent AVH, 

Type A 


1.38 
0.80 


1.04 
0.65 


26. 53 


AVH, Type A 
Resolved Recent avh. 
Type A 


1.85 
1.02 


1 . 16 

0.88 


27. 54 


AVH, Type A 


1.3S 


0.74 


20. 55 


Late AVH, HBV 


0.S8 


O.SS 


29. 56 


Chronic HBV 


0.84 


1.06 


30. 57 


Late AVH. HBV 


3.20 


1.60 


J 1 • SO 


Chronic HBV 


0.47 


0.46 


32. 59 l 


AVH, HBV 

Heeled AVH, HBV 


0.73 
0.43 


0.60 
0.44 


33. 60 l 


AVH, HBV 

Heeled AVH, HBV 


1.06 
0.75 


0.92 
0.68 
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Patient 

H £ r nee S/N 





Number * 


Diaanosi* 




Anti-5-1-1 


Ant i -81 


6 


34. 61 J 


AVH. HBV 
H «l«d AVH, 


HBV 


1.66 
0.63 


0.61 
0. 36 




15. 62 l 


AVH, HBV 
H««l«d AVH, 


HBV 


1.02 
0.41 


0.73 
0.42 


10 


«r, . 63 1 


AVH, HBV 
HoaUd AVH, 


HBV 


1.24 
l.SS 


1 .31 
0.4S 




57. 64 1 


AVH, HBV 
H«Al«d AVH, 


HBV 


0.82 
0.53 


0.79 
0.37 


15 


10- 65 1 


AVH, HBV 
H««Ud AVH, 


HBV 


0.95 
0.70 


0.92 
0.50 




J9. 66 l 


AVH, HBV 
H««l«d AVH, 


HBV 


1.03 
1.71 


0.6B 
1.39 



20 



Sequential serum temples available from these patients 
? tvo-Intravenus Drug User 
3 AVH-Acute viral hepatitis 
4 PT«Post transfusion 

As seen in Table 1, 19 of 32 sera from patients diagnosed as having NANBH were positive with respect 
to antibodies directed against HCV epitopes present in SOD-NANB5-1-1 and SOD-NANBsi. 

However, the serum samples which were positive were not equally immunologically reactive with SOD- 

30 NANB5-1-1 and SOD-NANBsi. Serum samples from patient No. 1 were positive to SOD-NANBsi but not to 
SOD-NANB5-1-1. Serum samples from patients number 10; 15, and 17 were positive to SOD-NANB5-1-1 
but not to SOD-NANBsi. Serum samples from patients No. 3, 8, 11, and 12 reacted equally with both fusion 
polypeptides, whereas serum samples from patients No. 2, 4, 7, and 9 were 2-3 fold higher in the reaction 
to SOD-NANBs-1-1 than to SOD-NANBsi. These results suggest that NANB5-1-1 and NANBsi may 

35 contain at least 3 different epitopes; i.e., it is possible that each polypeptide contains at least 1 unique 
epitope, and that the two polypeptides share at least 1 epitope. 

IV.D.4. Specificity of the Solid Phase RIA for NANBH 

40 The specificity of the solid phase RIAs for NANBH was tested by using the assay on serum from 
patients infected with HAV or with HBV and on sera from control individuals. The assays utilizing partially 
purified SOD-NANB5-1-1 and SOD-NANBsi were conducted essentially as described in Section IV.D.3, 
except that the sera was from patients previously diagnosed as having HAV or HBV, or from individuals who 
were blood bank donors. The results for sera from HAV and HBV infected patients are presented in table 1. 

45 The RIA was tested using 11 serum specimens from HAV infected patients, and 20 serum specimens from 
HBV infected patients. As shown in table 1 , none of these sera yielded a positive immunological reaction 
with the fusion polypeptides containing BB-NANBV epitopes. 

The RIA using the NANB5-1-1 antigen was used to determine immunological reactivity of serum from 
control individuals. Out of 230 serum samples obtained from the normal blood donor population, only 2 

50 yielded positive reactions in the RIA (data not shown). It is possible that the two blood donors from whom 
these serum samples originated had previously been exposed to HCV. 

IV.P.5. Reactivity of NANB5 -1-1 During the Course of NANBH Infection . 

55 The presence of anti-NANBs-i-i antibodies during the course of NANBH infection of 2 patients and 4 
chimpanzees was followed using RIA as described in Section IV.D.3. In addition the RIA was used to 
determine the presence or absence of anti-NANBs-1-1 antibodies during the course of infection of HAV and 
HBV in infected chimpanzees. 
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40 



45 



The results, which are presented in Table 2, show that with chimpanzees and with humans, anti- 
NANB5-1-1 antibodies were detected following the onset of the acute phase of NANBM infection. Anti- 
NANB5-1-1 antibodies were not detect d in serum samples from chimpanzees infected with either HAV or 
HBV. Thus anti-NANBs-i -1 antibodies serv as a marker for an individual's xposure to HCV. 



10 



15 



25 



30 



35 



Table 2 

Seroconversion in Sequential Serum Samples fro* 
Hepatitis tatients and Chimpontees Using 5-1-1 Antigen 



Clump 


samptv Da to (paya) 
(o>inocuiation day) 


Kama* t * 1 a 

nope tit IS 
Virusaa 


Anti-3- I - I 
(S/H) 


ALT 
( mu/ml * 


Pa 1 1 #n t 2 9 

» • » * W Ilk AW 


Tf 


MAMS] 


1 OS 






T* 180 




31 BS 


~ * J 




"T*20l 

ft • W V 




36 22 




t'Atitnt 30 


T 


HAM 


1.90 


1830 




T*307 




34 . 17 


290 




T059 




32.45 


2*6 


Chimp l 


0 


HAM 


0.07 


0 

* 


"6 




0 93 


7 1 




111 




23. 07 


19 




154 




32- 41 




Chimp 2 


0 


HAM 


1.00 


5 


* * 

2 1 




I • OS 


* * 

52 




73 




4.04 


13 




139 




25.01 




Chimp 3 


0 


HAM 


1.00 


6 




43 




144 


205 




53 




102 


14 




159 




11.07 


6 


Chimp 4 


-3 


NAM 


1.12 


11 




55 




125 


132 




83 




6.60 






140 




17.51 




Chimp S 


0 


HAV 


1.50 


4 




25 




2.39 


147 




40 




1.92 


18 




260 




153 


5 


Chimp 6 


-8 


HAV 


0.05 




15 






106 




41 




0.01 


10 




129 




1.33 





50 



55 
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10 



15 



20 



25 



Patient/ 
Chirac 7 



Chimp 7 



Chimp 6 



Chimo 9 



Chimp 10 



Chimp 11 



Sample Date (Days) 
(o e inoculation day) 



Hepatitis 
Virus s 



0 
22 
115 
139 

0 
26 
74 
205 

-290 
379 
435 



111-118 (pool) 
205 
240 



28-56 (pool) 
169 
223 



HAV 



HAV 



HBV 



HBV 



HVB 



*T=day of initial sampling 



Anti-5-1-1 
(S/N) 



1.17 
1.60 
1.55 
1.60 

0.77 
0.98 
1.77 
1.27 

1.74 
3.29 
2.77 

2.35 
2.74 
2.05 

1,7.8 

1.82 
1.26 

0.52 



ALT 

(mu/ml) 



7 
83 
5 



15 
130 
8 
5 



9 
6 

8 

96-156 (pool) 

9 
i i 



11 
8-100 
9 
10 



(pool) 



30 IV.E. Purification of Polyclonal Serum Antibodies to NANB5 -1-1 

On the basis of the specific immunological reactivity of the SOD-NANB5-1-1 polypeptide with the 
antibodies in serum samples from patients with NANBH, a method was developed to purify serum 
antibodies which react immunologically with the epitope(s) in NANB5-1-1. This method utilizes affinity 

35 chromatography. Purified SOD-NANB5-1-1 polypeptide (see Section IV.D.1) was attached to an insoluble 
support; the attachment is such that the immobilized polypeptide retains its affinity for antibody to 
NANB5-1-1. Antibody in serum samples is absorbed to the matrix-bound polypeptide. After washing to 
remove non-specifically bound materials and unbound materials, the bound antibody is released from the 
bound SOD-HCV polypeptide by change in pH, and/or by chaotropic reagents, for example, urea. 

40 Nitrocellulose membranes containing bound SOD-NANB5-1-1 were prepared as follows. A nitrocel- 
lulose membrane, 2.1 cm Sartorius of 0.2 micron pore size, was washed for 3 minutes three times with 
BBS. SOD-NANB5-1-1 was bound to the membrane by incubation of the purified preparation in BBS at 
room temperature for 2 hours; alternatively it was incubated at 4*C overnight. The solution containing 
unbound antigen was removed, and the filter was washed three times with BBS for three minutes per wash. 

45 The remaining active sites on the membrane were blocked with BSA by incubation with a 5 mg/ml BSA 
solution for 30 minutes. Excess BSA was removed by washing the membrane with 5 times with BBS and 3 
times with distilled water. The membrane containing the viral antigen and BSA was then treated with 0.05 M 
glycine hydrochloride, pH 2.5, 0.10 M NaCI (GlyHCI) for 15 minutes, followed by 3 three minute washes 
with PBS. 

50 Polyclonal anti-NANBs-i -1 antibodies were isolated by incubating the membranes containing the fusion 
polypeptide with serum from an individual with NANBH for 2 hours. After the incubation, the fitters were 
washed 5 times with BBS, and twice with distilled water. Bound antibodies were then eluted from each filter 
with 5 elutions of GlyHCI, at 3 minut s per elution. The pH of the eluates was adjusted to pH 8.0 by 
collecting each eluate in a test tube containing 2.0 M Tris HCI, pH 8.0. Recov ry of th anti-NANBs-i-i 

55 antibody after affinity chromatography Is approximately 50%. 

The nitrocellulose membranes containing the bound viral antigen can be used several times without 
appreciable decrease in binding capacity. To reuse the membranes, after th antibodies have been eluted 
the membranes are washed with BBS three times for 3 minutes. They are then stored in BBS at 4*C. 
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IV.F. The Capture of HCV Particles from Infected Plasma Using Purified Human Polyclonal Anti-HCV 
Antibodies; Hybridization of th Nucl ic Acid in the Captured Particles to HCV cDNA 

IV.F.1 . The Capture of HCV Particl s from Infected Plasma Using Human Polyclonal Anti-HCV Antibodies 

5 

Protein-nucleic acid complexes present in infectious plasma of a chimpanzee with NANBH were isolated 
using purified human polyclonal anti-HCV antibodies which were bound to polystyrene beads. 

Polyclonal anti-NANBs-i -1 antibodies were purified from serum from a human with NANBH using the 
SOD-HCV polypeptide encoded in clone 5-1-1. The method for purification was that described in Section 
10 IV.E. 

The purified anti-NANBs-i -1 antibodies were bound to polystyrene beads (1/4" diameter, specular 
finish, Precision Plastic Ball Co. t Chicago, Illinois) by incubating each at room temperature overnight with 1 
ml of antibodies (1 microgram/ml in borate buffered saline. pH 8.5). Following the overnight incubation, the 
beads were washed once with TBST [50 mM Tris HCI, pH 8.0, 150 mM NaCI, 0.05% (v/v) Tween 20], and 
75 then with phosphate buffered saline (PBS) containing 10 mg/ml BSA. 

Control beads were prepared in an identical fashion, except that the purified anti-NANBs-i-i antibodies 
were replaced with total human immunoglobulin. 

Capture of HCV from NANBH infected chimpanzee plasma using the anti-NANBs-i-i antibodies bound 
to beads was accomplished as follows. The plasma from a chimpanzee with NANBH used is described in 
20 Section IVA1.. An aliquot (1 m!) of the NANBV infected chimpanzee plasma was incubated for 3 hours at 
37* C with each of 5 beads coated with either anti-NANBs-i-i antibodies, or with control immunoglobulins. 
The beads were washed 3 times with TBST. 

IV.F.2. Hybridization of the Nucleic Acid in the Captured Particles to NANBV-cDNA 

25 

The nucleic acid component released from the particles captured with anti-NANBs-i-i antibodies was 
analyzed for hybridization to HCV cDNA derived from clone 81. 

HCV particles were captured from NANBH infected chimpanzee plasma, as described in IV.F.1. To 
release the nucleic acids from the particles, the washed beads were incubated for 60 min. at 37*C with 0.2 

30 ml per bead of a solution containing proteinase k (1 mg/ml), 10 mM Tris HCI, pH 7.5, 10 mM EDTA, 0.25% 
(w/v) SDS, 10 micrograms/ml soluble yeast RNA, and the supernatant solution was removed. The 
supernatant was extracted with phenol and chloroform, and the nucleic acids precipitated with ethanol 
overnight at -20 # C. The nucleic acid precipitate was collected by centrrfugation, dried, and dissolved in 50 
mM Hepes, pH 7.5. Duplicate aliquots of the soluble nucleic acids from the samples obtained from beads 

35 coated with anti-NANBs-1-1 antibodies and with control beads containing total human immunoglobulin were 
filtered onto to nitrocellulose filters. The filters were hybridized with a ^P-labeled, nick-translated probe 
made from the purified HCV cDNA fragment in clone 81. The methods for preparing the probe and for the 
hybridization are described in Section IV.C.1.. 

Autoradiographs of a probed filter containing the nucleic acids from particles captured by beads 

40 containing anti-NANBs-i-i antibodies are shown in Fig. 40. The extract obtained using the anti-NANBs-i -1 
antibody (Ai^z) gave clear hybridization signals relative to the control antibody extract (A3 A) and to 
control yeast RNA (Bi,B2). Standards consisting of 1pg, 5pg, and 10pg of the purified, clone 81 cDNA 
fragment are shown in C1-3, respectively. 

These results demonstrate that the particles captured from NANBH plasma by anti-NANBs-i-i* 

45 antibodies contain nucleic acids which hybridize with HCV cDNA in clone 81, and thus provide further 
evidence that the cDNAs in these clones are derived from the etiologic agent for NANBH. 

IV.G. Immunological Reactivity of C100-3 with Purified Anti-NANBs-i-i Antibodies 

so The immunological reactivity of C100-3 fusion polypeptide with anti-NANBs-i -1 antibodies was deter- 
mined by a radioimmunoassay, in which the antigens which were bound to a solid phase were challenged 
with purified anti-NANBs-1-1 antibodies, and the antigen-antibody complex detected with 125 l-labeled sheep 
anti-human antibodies. The immunological reactivity of C100-3 polypeptide was compared with that of SOD- 
NANBs-i-i antigen. 

65 The fusion polypeptide C100-3 was synthesized and purified as described in Section IV.B.5. and in 
Section IV.B.6., respectively. The fusion polypeptide SOD-NANB5-1-1 was synthesized and purified as 
described in Section IV.B.1. and in Section IV.D.1., respectively. Purified anti-NANBs-1-1 antibodies were 
obtained as described in Section IV.E. 
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70 



15 



One hundred microliter aliquots containing varying amounts of purified C 100-3 antigen in 0.1 25M Na 
borate buffer, pH 8.3, 0.075M NaCI (BBS) was added to ach well of a microtiter plate (Dynatech Immulon 2 
Removawell Strips). The plate was incubated at 4 • C overnight in a humid chamber, after which, the protein 
solution was removed and the wells washed 3 times with BBS containing 0.02% Triton X-100 (BBST). T 
prevent non-specific binding, the wells wer coated with BSA by addition of 100 microliters of a 5 mg/ml 
solution of BSA in BBS followed by incubation at room temperature for 1 hour, after which the excess BSA 
solution was removed. Hie polypeptides in the coated wells were reacted with purified anti-NANBs-1-1 
antibodies by adding 1 microgram antibody/well, and incubating the samples for 1 hr at 37 *C. After 
incubation, the excess solution was removed by aspiration, and the wells were washed 5 times with BBST. 
Ariti-NANBs-i-i bound to the fusion polypeptides was determined by the binding of 125 Mabeled P(ab>2 
sheep anti-human IgG to the coated wells. Aliquots of 100 microliters of the labeled probe (specific activity 
5-20 microcuries/microgram) were added to each well, and the plates were Incubated at 37 *C for 1 hour, 
followed by removal of excess probe by aspiration, and 5 washes with BBST. The amount of radioactivity 
bound in each well was determined by counting in a counter which detects gamma radiation. 

The results of the immunological reactivity of C100 with purified anti-NANBs-i-i as compared to that of 
NANBs-i-i with the purified antibodies are shown in Table 3. 



Table 3 



20 



25 



immunological Reactivity of C100-3 compared to NANBs-i-i by Radioimmunoassay 


AG(ng) 


RIA (cpm/assay) 




400 


320 


240 


160 


60 


0 


NANB5-1-1 


7332 


6732 


4954 


4050 


3051 


57 


C100-3 


7450 


6985 


5920 


5593 


4096 


67 



30 



The results in Table 3 show that anti-NANBs-i-i recognizes an epitope(s) in the C100 moiety of the 
01 00-3 polypeptide. Thus NANB5-1-1 and C100 share a common epitope(s). The results suggest that the 
cDNA sequence encoding this NANBV epitope(s) is one which is present in both clone 5-1-1 and in clone 
81. 



IV.H. Characterization of HCV 



35 



IV.H.1. Characterization of the Strandedness of the HCV Genome. 



40 



45 



so 



55 



The HCV genome was characterized with respect to its strandedness by isolating the nucleic acid 
fraction from particles captured on anti-NANBs-i-i antibody coated polystyrene beads, and determining 
whether the isolated nucleic acid hybridized with plus and/or minus strands of HCV cDNA. 

Particles were captured from HCV infected chimpanzee plasma using polystyrene beads coated with 
immunopurified anti-NANBs-1-1 antibody as described in Section IV.F.1. The nucleic acid component of 
the particles was released using the method described in Section fV.F.2. Aliquots of the isolated genomic 
nucleic acid equivalent to 3 mis of high titer plasma were blotted onto nitrocellulose filters. As controls, 
aliquots of denatured HCV cDNA from clone 81 (2 picograms) was also blotted onto the same fitters. The 
filters were probed with ^P-labeled mixture of plus or mixture of minus strands of single stranded DNA 
cloned from HCV cDNAs; the cDNAs were excised from clones 40b, 81, and 25c. 

The single stranded probes were obtained by excising the HCV cDNAs from clones 81, 40b, and 25c 
with EcoRI, and cloning the cDNA fragments in M13 vectors, mp18 and mp19 [Messing (1983)]. The M13 
clones were sequenced to determine whether they contained the plus or minus strands of DNA derived 
from the HCV cDNAs. Sequencing was by the dideoxychain termination method of Sanger et al. (1977). 

Each of a set of duplicate filters containing aliquots of the HCV genome isolated from the captured 
particles was hybridized with either plus or minus strand probes derived from the HCV cDNAs. Fig. 41 
shows the autoradiography obtained from probing the NANBV genome with the mixture of probes derived 
from clones 81, 40b, and 25c. This mixture was used to increase the sensitivity of the hybridization assay. 
The samples in panel I were hybridized with the plus strand probe mixture. The samples in panel II wer 
probed by hybridization with the minus strand probe mixture. The composition of the samples in the panels 
of the immunoblot are presented in table 4. 
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Table 4 



lane 


A 


B 


1 


HCV genom 


• 


2 




■ 


3 


• 


cDNA 81 


4 




CDNA 81 



10 



is an undescribed sample. 



As seen from the results in Fig. 41, only the minus strand DNA probe hybridizes with the isolated HCV 
genome. This result, in combination with the result showing that the genome is sensitive to RNase and not 
DNase (See Section IV.C.2.). suggests that the genome of NANBV is positive stranded RNA. 
75 These data, and data from other laboratories concerning the physicochemical properties of a putative 
NANBV(s), are consistent with the possibility that HCV is a member of the Flaviviridae. However, the 
possibility that HCV represents a new class of viral agent has not been eliminated. 

IV.H.2. Detection of Sequences in Captured Particles Which When Amplified by PCR Hybridize to HCV 
20 cDNA Derived from Clone 81 

The RNA in captured particles was obtained as described in Section IV.H.1 . The analysis for sequences 
which hybridize to the HCV cDNA derived from clone 81 was carried out utilizing the PCR amplification 
procedure, as described in Section IV.C.3, except that the hybridization probe was a kinased oligonucleotide 
25 derived from the clone 81 cDNA sequence. The results showed that the amplified sequences hybridized 
with the clone 81 derived HCV cDNA probe. 

IV.H.3. Homology Between the Non-Structural Protein of Dengue Flavivirus (MNWWVD1) and the HCV 
Polypeptides Encoded by the Combined ORF of Clones 14i Through 39c 

30 

The combined HCV cDNAs of clones 1 44 through 39c contain one continuous ORF, as shown in Fig. 26. 
The polypeptide encoded therein was analyzed for sequence homology with the region of the non-structural 
polypeptide(s) in Dengue flavivirus (MNWVD1). The analysis used the Dayhoff protein data base, and was 
performed on a computer. The results are shown in Fig. 42, where the symbol (:) indicates an exact 

35 homology, and the symbol (.) indicates a conservative replacement in the sequence; the dashes indicate 
spaces inserted into the sequence to achieve the greatest homologies. As seen from the figure, there is 
significant homology between the sequence encoded in the HCV cDNA, and the non-structural polypeptide- 
(s) of Dengue virus. In addition to the homology shown in Fig. 42, analysis of the polypeptide segment 
encoded in a region towards the 3'-end of the cDNA also contained sequences which are homologous to 

40 sequences in the Dengue polymerase. Of consequence is the finding that the canonical Gly-Asp-Asp (GDD) 
sequence thought to be essential for RNA-dependent RNA polymerases is contained in the polypeptide 
encoded in HCV cDNA, in a location which is consistent with that in Dengue 2 virus. (Data not shown.) 

IV.H.4. HCV-DNA is Not Detectable in NANBH Infected Tissue 

45 

Two types of studies provide results suggesting that HCV-DNA is not detectable in tissue from an 
individual with NANBH. These results, in conjunction with those described in IV.C. and IV.H.1. and IV.H2. 
provide evidence that HCV is not a DNA containing virus, and that its replication does not involve cDNA. 

so IV.H.4.a. Southern Blotting Procedure 

In order to determine whether NANBH infected chimpanzee liver contains detectable HCV-DNA (or 
HCV-cDNA), restriction enzyme fragments of DNA isolated from this source was Southern blotted, and the 
blots probed with ^P-labeled HCV cDNA. The results showed that the labeled HCV cDNA did not hybridize 
55 to the blotted DNA from the infected chimpanzee liver. It also did not hybridize to control blotted DNA from 
normal chimpanzee liver. In contrast, in a positive control, a labeled probe of the beta-interferon gene 
hybridized strongly to Southern blots f restriction enzyme digested human placental DNA. These systems 
wer designed to detect a single copy f the gene which was to be detect d with th labeled probe. 
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DNAs were isolated from the livers of two chimpanzees with NANBH. Control DNAs were isolated from 
uninfected chimpanzee liver, and from human placentas. The procedure for extracting DNA was essentially 
according to Maniatis et al. (1982), and the DNA samples were treated with RNAse during the isolation 
procedure. 

5 Each DNA sample was treated with ither EcoRI, Mbol, or Hindi (12 micrograms), according to the 
manufacturer's directions. The digested DNAs were electrophoresed on 1% neutral agarose gels, Southern 
blotted onto nitrocellulose, and the blotted material hybridized with the appropriate nick-translated probe 
cDNA (3 x 10 s cpm/ml of hybridization mix). The DNA from infected chimpanzee liver and normal liver were 
hybridized with ^P-labeled HCV cDNA from clones 36 plus 81; the DNA from human placenta was 

w hybridized with ^P-labeled DNA from the beta-interferon gene. After hybridization, the blots were washed 
under stringent conditions, i.e., with a solution containing 0.1 x SSC, 0.1% SDS, at 65 *C. 
The beta-interferon gene DNA was prepared as described by Houghton et al (1981). 

IV.HAb. Amplification by the PCR Technique 

75 

In order to determine whether HCV-DNA could be detected in liver from chimpanzees with NANBH, 
DNA was isolated from the tissue, and subjected to the PCR amplification-detection technique using primers 
and probe polynucleotides derived from HCV cDNA from clone 81 . Negative controls were DNA samples 
isolated from uninfected HepG2 tissue culture cells, and from presumably uninfected human placenta. 

20 Positive controls were samples of tho negative control DNAs to which a known relatively small amount (250 
molecules) of the HCV cDNA insert from clone 81 was added. 

In addition, to confirm that RNA fractions isolated from the same livers of chimpanzees with NANBH 
contained sequences complementary to the HCV-cDNA probe, the PCR amplification-detection system was 
also used on the isolated RNA samples. 

25 In the studies, the DNAs were isolated by the procedure described in Section IV.H.4.a, and RNAs were 
extracted essentially as described by Chirgwin et al. (1981). 

Samples of DNA were isolated from 2 infected chimpanzee livers, from uninfected HepG2 cells, and 
from human placenta. One microgram of each DNA was digested with Hindlll according to the manufac- 
turers directions. The digested samples were subjected to PCR amplification and detection for amplified 

30 HCV cDNA essentially as described in Section IV.C.3., except that the reverse transcriptase step was 
omitted. The PCR primers and probe were from HCV cDNA clone 81, and are described in Section IV.C.3.. 
Prior to the amplification, for positive controls, a one microgram sample of each DNA was "spiked" by the 
addition of 250 molecules of HCV cDNA insert isolated from clone 81 . 

In order to determine whether HCV sequences were present in RNA isolated from the livers of 

35 chimpanzees with NANBH, samples containing 0.4 micrograms of total RNA were subjected to the 
amplification procedure essentially as described in Section IV.C.3., except that the reverse transcriptase was 
omitted from some of the samples as a negative control. The PCR primers and probe were from HCV cDNA 
clone 81 , as described supra. 

The results showed that amplified sequences complementary to the HCV cDNA probe were not 

40 detectable in the DNAs from infected chimpanzee liver, nor were they detectable in the negative controls. In 
contrast, when the samples, including the DNA from infected chimpanzee liver, was spiked with the HCV 
cDNA prior to amplification, the clone 81 sequences were detected in all positive control samples. In 
addition, in the RNA studies, amplified HCV cDNA clone 81 sequences were detected only when reverse 
transcriptase was used, suggesting strongly that the results were not due to a DNA contamination. 

45 These results show that hepatocytes from chimpanzees with NANBH contain no, or undetectable levels, 
of HCV DNA. Based upon the spiking study, if HCV DNA is present, it is at a level far below .06 copies per 
hepatocyte. In contrast, the HCV sequences in total RNA from the same liver samples was readily detected 
with the PCR technique. 

so IV.I. ELISA Determinations for HCV Infection Using HCV c 100-3 As Test Antigen 

All samples were assayed using the HCV c 100-3 ELISA. This assay utilizes the HCV c 100-3 antigen 
(which was synthesized and purified as described in Section IV.B.5), and a horseradish peroxidase (HRP) 
conjugate of mouse monoclonal anti-human IgG. 
55 Plates coated with the HCV c10O-3 antigen wer prepar d as follows. A solution containing Coating 
buffer (50mM Na Borate, pH 9.0), 21 ml/plate, BSA (25 micrograms/ml), c 100-3 (2.50 micrograms/ml) was 
prepared just prior to addition to th Removeawell Immulon I plates (Dynatech Corp.). After mixing for 5 
minutes, 0.2ml/well of the solution was added to the plates, they were covered and incubated for 2 hours at 
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37 * C. after which the solution was removed by aspiration. The wells were washed nee with 400 microliters 
Wash Buffer (100 mM sodium phosphate, pH 7.4, 140 mM sodium chloride, 0.1% (W/V) casein, 1% (W/V) 
Triton x-100, 0.01% (W/V) Thimerosal). After removal of the wash solution, 200 microliters/well of Postcoat 
solution (10 mM sodium phosphate, pH 7.2, 150 mM sodium chloride, 0.1% (w/v) casein and 2 mM 

s phenylmethylsutfonylfluoride (PMSF)) was added, the plates were loosely covered to prevent evaporation, 
and were allowed to stand at room temperature for 30 minutes. The wells were then aspirated to remove the 
solution, and lyophilized dry overnight, without shelf heating. The prepared plates may be stored at 2-8* C 
in sealed aluminum pouches. 

In order to perform the ELISA determination, 20 microliters of serum sample or control sample was 

w added to a well containing 200 microliters of sample diluent (100 mM sodium phosphate, pH 7.4, 500 mM 
sodium chloride, 1 mM EDTA, 0.1% (W/V) Casein, 0.015 (W/V) Therosal, 1% (WV) Triton X-100. 100 
micrograms/ml yeast extract). The plates were sealed, and incubated at 37 *C for two hours, after which the 
solution was removed by aspiration, and the wells were washed with 400 microliters of wash buffer 
(phosphate buffered saline (PBS) containing 0.05% Tween 20). The washed wells were treated with 200 

75 microliters of mouse anti-human IgG-HRP conjugate contained in a solution of Ortho conjugate diluent (10 
mM sodium phosphate, pH 7.2, 150 mM sodium chloride, 50% (V/V) fetal bovine serum, 1% (V/V) heat 
treated horse serum, 1 mM KjFe (CNfc, 0.05% (W/V) Tween 20, 0.02% (W/V) Thimerosal). Treatment was 
for 1 hour at 37 • C t the solution was removed by aspiration, and the wells were washed with wash buffer, 
which was also removed by aspiration. To determine the amount of bound enzyme conjugate, 200 

no microliters of substrate solu^ 

was added. Developer solution contains 50 mM sodium citrate adjusted to pH 5.1 with phosphoric acid, and 
0.6 microliters/ml of 30% H2Q2. The plates containing the substrate solution were incubated in the dark for 
30 minutes at room temperature, the reactions were stopped by the addition of 50 microliters/ml 4N sulfuric 
acid, and the ODs determined. 

25 The examples provided below show that the microtiter plate screening ELISA which utilizes HCV c100-3 
antigen has a high degree of specificity, as evidenced by an initial rate of reactivity of about 1%, with a 
repeat reactive rate of about 0.5% on random donors. The assay is capable of detecting an im- 
munoresponse in both the post acute phase of the infection, and during the chronic phase of the disease. In 
addition, the assay is capable of detecting some samples which score negative in the surrogate tests for 

30 NANBH; these samples come from individuals with a history of NANBH, or from donors implicated in 
NANBH transmission. 

In the examples described below, the following abbreviations are used: 





ALT 


Alanine amino transferase 




Anti-HBc 


Antibody against HBc 


35 


Anti-HBsAg 


Antibody against HBsAg 




HBc 


Hepatitis B core antigen 




ABsAg 


Hepatitis B surface antigen 




IgG 


Immunoglobulin G 




igM 


Immunoglobulin M 


40 


IU/L 


International units/Liter 




NA 


Not available 




NT 


Not tested 




N 


Sample size 




Neg 


Negative 


45 


OD 


Optical density 




Pos 


Positive 




S/CO 


Signal/cutoff 




SD 


Standard deviation 




x 


Average or mean 


50 


WNL 


Within normal limits 



IV.1.1. HCV Infection in a Population of Random Blood Donors 

A group of 1 ,056 samples (fresh sera) from random blood donors were obtained from Irwin Memorial 
55 Blood Bank, San Francisco, California. The test results obtained with these samples are summarized In a 
histogram showing the distribution of the OD values (Fig. 43). As seen in Fig. 43, 4 samples read >3, 1 
sample r ads betw en 1 and 3, 5 samples read between 0.4 and 1, and the remaining 1,046 samples read 
<0.4, with over 90% of these samples reading <0.1. 
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The results on the reactiv random samples are presented in Table 5. Using a cut-off value equal to the 
mean plus 5 standard deviations, t n samples out of the 1,056 (0.95%) w re initially reactive. Of these, five 
samples (0.47%) repeated as reactive when they were assayed a second time using the ELISA. Table 5 
also shows the ALT and Anti-HBd status for each of the repeatedly reactive samples. Of particular interest 
is the fact that all five repeat reactive samples were negativ in both surrogate tests for NANBH, while 
scoring positiv in the HCV ELISA. 

TABLE 5 

RESULTS ON REACTIVE RANDOM SAMPLES 



M • 1051 
I - 0.049* 
SD ■ t 0.074 

Cut-cff: x ♦ 5SD • 0.419 (0,400 ♦ Negative Control) 





Initial 










Re.ctivts 


R«pt«c Receives 




Anti 


Samples 


OP 


OP 


ALT** 


HBc*** 








7TU/L) 


Too) 


6227 


0.462 


0.084 


MA 


MA 


6292 


0.569 


0.294 


NA 


MA 


6188 


0.699 


0.326 


NA 


MA 


6157 


0.735 


0.187 


NA 


NA 


6277 


0.883 


0.152 


MA 


NA 


6397 


1.567 


1.392 


30.14 


1.433 


6019 


>3.000 


>3.000 


46.48 


1.057 


6651 


>3.000 


>3.000 


48.53 


1.343 


6669 


>3.000 


>3.000 


60.53 


1.165 


4003 


>3.000 


3.000 


WML**** 


Neg.civ. 




10/1056 - 0.95Z 


5/1056 - 0.47X 







* Sample* reeding >1.5 were not included in calculating the Mean 
end SD 

++ ALT 68 IU/L it above normal limits. 
*** Anti-HBc S 0.535 (competition esse/) is considered positive. 
+++* VNL: Within norma 1 limits. 



I V.I. 2. Chimpanzee Serum Samples 

Serum samples from eleven chimpanzees were tested with the HCV c 100-3 ELISA. Four of these 
chimpanzees were infected with NANBH from a contaminated batch of Factor VIII (presumably Hutchinson 
strain), following an established procedure in a collaboration with Dr. Daniel Bradley at the Centers for 
Disease Control. As controls, four other chimpanzees were infected with HAV and three with HBV. Serum 
samples were obtained at different times after infection. 

The results, which are summarized in Table 6, show documented antibody s reconversion in all 
chimpanze s inf ct d with th Hutchinson strain of NANBH. F Mowing the acute phase f infection (as 
evidenced by the significant rise and subsequent return to normal of ALT levels), antibodies to HCV c100-3 
became detectable in the sera of the 4/4 NANBH infected chimpanzees. These samples had previously 
been shown, as discussed in Section IV.B.3., to be positive by a Western analysis, and an RIA. In contrast, 
none of the control chimpanzees which had been infected with HAV or HBV showed vidence of reactivity 
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in the ELISA. 



TABLE 6 
QHMPA NZEB S OW SA MPLES 

6 



10 



15 



20 



30 



35 



45 



Negative Control 
Positive Coninol 
Cutoff 

Chimp 1 



Chimp 2 



25 Chimp 3 



Chimp 4 



Chimp 5 



40 Chimp 6 



Chimp 7 







1 nf* ft. ■ A * . All 

INOCULATION 


BLEED 


Al T 
Ml. 1 




_ OP 


c/rn 


Hit r 

UATE 


IMTt 


r hi/1 ) 


ToAMCf iic f n 


it #WII 

0.001 




* 

■ 






1.501 












0.401 












-0.007 


n nil 

0.00 


AC /OA /OA 

05/74/84 


nc/lA /Oft 


a 


NANA 


A AAT 

0.00 J 


A Al 




uo/u/ / O 1 


71 




>3.000 


>7.48 




09/18/84 


19 




>3.U0O 


>7.48 




10/21/84 










UQ/ If/ / Of 






NANB 




n no 




05/5! /8ft 


C 




-u.oos 


0.00 




06/28/84 


52 




0.915 


2.30 




08/20/84 


13 




»t mm 


>7 All 




10/71/84 

III' *T# 9 ■ 






v. W J 


0 01 


03/U/85 


03/14/85 


8 


■ NANB 


0.017 


0.01 




04/26/85 


205 




0.006 


0.01 




05/06/85 


14 




i ntn 






08/20/85 


6 




-0.006 


0.00 


03/11/85 


03/11/85 




nanii 

IVWiU 


0.003 


0.01 




05/09/85 


ill 




0.523 


1.31 




06/06/85 






1.571 


3.93 




08/01/85 







•0.006 


0.00 


11/21/80 

■ *4F 4»»^ ^^^^ 


11/21/80 


A 


WAV 


0*001 


0.00 




12/16/80 






O 003 


0.01 




17/rn/pn 

1 */ ^1/ ou 


to 
18 




0.006 


0.01 




07/29 - 08/21/81 


5 








05/25/82 






HAV 


-0.005 


0.00 




05/17/82 






0.001 


0.00 




06/10/82 


10G 




-0.004 


0.00 




07/06/82 


10 




0.290 


0.72 




10/01/82 






-0.008 


0.00 


05/25/82 


05/25/82 


7 


HAV 


-0.004 


0.00 




06/17/82 


83 




-0.006 


0.00 




09/16/82 


S 




0.005 


0.01 




10/09/82 







60 



55 
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TABLE 6 



OOMPANZEE SERUM SAMPLES 



(Cont'd) 



70 



75 



20 



25 



30 



Chimp 8 



Chimp 9 



Chimp 10 



Chimp 11 



00 



-0,007 
0.000 
0.004 
0.000 



0.019 

0.015 
0.008 



0.011 
0.015 
0.008 
0.010 



0.000 

-0.005 
-0.003 
-0.003 



0.00 
0.00 
0.01 
0.00 



0.05 

0.04 
0.02 



0.03 
0.01 
0.0? 
0.02 



0.00 

0.0U 
0.00 
0.00 



Inoculation 
Date 

11/21/20 



07/24/80 



05/12/82 



05/12/82 



BlCED 

0m 



11/21/80 
12/16/80 
02/03/81 
06/03 - 06/10/81 



08/22 - 10/10/79 

03/11/81 
07/01 - 08/05/81 

10/01/81 



0n/2l - 05/12/82 
09/01 - 09/08/82 

12/02/82 

01/06/83 



01/06 - 05/12/82 
06/23/82 

06/09 - 07/07/82 
10/28/82 
12/20/82 



ALT 
(IU/L) 

15 
130 
8 

4.5 



57 
9 



9 
126 
9 
13 



11 
100 

9 
10 



Transfusco 



I1AV 



HBV 



IIDV 



IIDV 



35 

IV.1.3. Panel 1: Proven Infectious Sera from Chronic Human NANBH Carriers 

A coded panel consisted of 22 unique samples, each one in duplicate, for a total of 44 samples. The 

40 samples were from proven infectious sera from chronic NANBH carriers, infectious sera from implicated 
donors, and infectious sera from acute phase NANBH patients. In addition, the samples were from highly 
pedigreed negative controls, and other disease controls. This panel was provided by Dr. H. Alter of the 
Department of Health and Human Services, National Institutes of Health, Bethesda, Maryland. The panel 
was constructed by Dr. Alter several years ago, and has been used by Dr. Alter as a qualifying panel for 

45 putative NANBH assays. 

The entire panel was assayed twice with the ELISA assay, and the results were sent to Dr. Alter to be 
scored. The results of the scoring are shown in Table 7. Although the Table reports the results of only one 
set of duplicates, the same values were obtained for each of the duplicate samples. 

As shown in Table 7, 6 sera which were proven infectious in a chimpanzee model were strongly 

so positive. The seventh infectious serum corresponded to a sample for an acute NANBH case, and was not 
reactive in this ELISA. A sample from an implicated donor with both normal ALT levels and equivocal results 
in the chimpanzee studies was non-reactive in the assay. Three other serial samples from one individual 
with acute NANBH were also non-reactive. All samples coming from the highly pedigreed negative controls, 
obtained from donors who had at least 10 blood donations without hepatitis implication, were non-reactive in 

55 the ELISA. Finally, four of the samples tested had previously scored as positive in putativ NANBH assays 
developed by others, but these assays were not confirmable. These four samples scored negatively with the 
HCV ELISA. 
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TABLE 7 
H. ALTER ' S PANEL 1: 



Panel 



1) Proven Infectious iy Chimpanzee Transmission 

A. Dmoutc NAKB; Post-Ti 
JF 

ED 
PG 

B. Implicated Donors with Elevated ALT 
BC 

JJ 
BO 

C. Acute NANB; Post-Ti 

Ml 

2) Eouivocally Infectious it Chimpanzee Transmission 
A. Implicated Donor nith Normal ALT 

CC 

5) Acute HAND: Post-Ti 
JL Veer 1 
JL Veer 2 
JL Week 3 

O Disease Controls 

A. Primary Biliary Cirrhosis 

It 

B. Alcoholic Hepatitis in Recovery 
110 

5) Peoicreeo Negative Controls 
DH 

DC 
LV 
HL 
All 

6) Potential NANB "Antigens* 
JS-80-01T-0 (Ishioa) 

ASTCRU (TREPO) 

zurtz (arh0l0) 
Becassoine (Trepo) 



1st Result 2nd Result 



♦ 
♦ 

♦ 
♦ 
♦ 



♦ 
♦ 

4- 
4 
♦ 



IV.1.4. Panel 2: Donor/Recipient NANBH 

The coded panel consisted of 10 unequivocal donor-recipient cases of transfusion associated NANBH, 
with a total of 188 samples. Each case consisted of samples of some or all the donors to the recipient, and 
of serial samples (drawn 3, 6, and 12 months after transfusion) from the recipient. Also included was a pre- 
bleed, drawn from the recipient before transfusion. The coded panel was provided by Dr. H. Alter, from the 
N1H, and the results were sent to him for scoring. 

The results, which are summarized in Table 8, show that the ELISA detected antibody seroconv rsion in 
9 of 10 cases of transfusion associated NANBH. Samples from case 4 (where no seroconversion was 
detected), consistently reacted poorly in the ELISA. Two of the 10 recipient samples were reactive at 3 
months post transfusion. At six months, 8 recipient samples w re reactive; and at twelve months, with the 
exception of case 4, all samples were reactive. In addition, at least on antibody positive donor was found in 
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7 out of the 10 cases, with case 10 having two positive donors. Also, in case 10. the recipient's pre-bleed 
was positive for HCV antibodies. The one month bleed from this recipient dr pped to borderline reactive 
levels, while it was elevated to positive at 4 and 10 month bleeds. Generally, a S/CO of 0.4 is considered 
positive. Thus, this case may represent a prior infection of the individual with HCV. 
5 The ALT and HBc status for all the reactiv , i.e., positive, samples are summarized in Table 9. As seen 
in the table, 1/8 donor samples was negative for the surrogate markers and reactiv in the HCV antibody 
ELISA. On the other hand, the recipient samples (followed up to 12 months after transfusion) had either 
elevated ALT, positive Anti-HBc, or both. 

10 

TABLE 8 
DCNOR/RBdPnOT NANB PANEL 



75 



20 



25 



30 



35 



40 



H- ALTER DONQp/BfriPlfMT KAHB PANEL 



Recipient Post-TX 

f>«»LMD SHMTHS 12J!0Hm 



op s/co op S/cq J8_ MS -ffi- SfflL - ss - 



2. — — 

3. .403 0.9* 

4. — — 

5. >3.000 >6.96 

6. »3.000 >6.96 

7. >3.000 >6.96 
g. >3.000 >6.96 
9. >3.000 >6.96 

t0. >3.000 >6.96 

>3.000 >6.96 

I MONTH* I HO«T«. ,## 10 KOMTNS 



.052 


0.07 


.112 


0.26 


>3.000 


>6.96 


>3.000 


>6.96 


.059 


0.14 


•050 


0.12 


1.681 


3.90 


>3.000 


>6.96 


.049 


0.11 


.057 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 


.065 


0.15 


.073 


0.17 


.067 


0.16 


.217 


0.50 


.034 


0.08 


.096 


0.22 


>3.000 


>6.96 


>3.000 


»6.96 


.056 


0.13 


1.475 


3.44 




>6.96 


>3.000 


>6.96 


.034 


0.08 


.056 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 


.061 


0.14 


.078 


0.18 


2-262 


5.2S 


>3.000 


>6-9S 


•080 


0.19 


.127 


0.30 


.055 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 


.317* 


0.74 


>3.000 M 


>6.96 


>3.00Q"* 


>6.9d 
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TABLE * 



ALT AND HBc STATUS FOR REACTIVE SJ&&LZS IV 

H. ALTER PANEL 1 



Staples 



Donor* 

C*sc 3 
Case 3 
Case 6 
Case 7 
Case 8 
Case 9 
Case 10 
Case 10 

Recipiencs 

Case 1 

12 mo 

Case 2 

12 mo 

Case 3 

12 mo 

Case 5 

12 mo 

Case 6 

6 mo 
12 mo 

Case 7 

12 mo 

Case 8 

12 mo 

Case 9 

Case 10 

10 mo 



6 mo 
Elevated 

6 mo 
Elevated 

6 mo 
Elevated 

6 mo 
Elevated 

3 mo 
Elevated 
Elevated 

6 mo 

Elevated 

6 mo 
Elevated 

12 mo 

4 mo 

Elevated 



Anti- 
ALT* 



Normal 

Elevated 

Elevated 

Mot available 

Normal 

Elevated 

Normal 

Normal 



Elevated 
Not tested 

Elevated 
Not tested 

Normal 

Not tested*** 

Elevated 
Not tested 

Elevated 
Negative 
Not tested 

Elevated 
Negative 

Normal 
Not tested 

Elevated 

Elevated 
Not tested 



HBc** 



Negative 

Positive 

Positive 

Negative 

Positive 

Not available 

Positive 

Positive 



Positive 



Negative 



Not tested*** 



Not tested 



Negative 



Negative 



Positive 

Not tested 
Not tested 



* ALT IU/L is above normal limits. 
** Anti-HBc S50X (competition assay) is considered positive 
Prebleed and 3 mo samples were negative for HBc. 



IV.1.5. Determination of HCV Infection In High Risk Group Samples 

Samples from high risk groups were monitored using the ELISA to determin reactivity to HCV c 100-3 
antigen. These samples were obtained from Dr. Gary Tegtmeier, Community Blood Bank, Kansas City. The 
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results are summarized in Table 10. 

As shown in the table, the samples with the highest r activity are obtained from hemophiliacs (76%). In 
addition, samples from individuals with elevated ALT and positive for Anti-HBc, scored 51% reactive, a 
value which is consistent with the value expected from clinical data and NANBH prevalence in this group. 
5 The incidence of antibody to HCV was also higher in blood donors with elevated ALT alone, blood donors 
positive for antibodies to Hepatitis B core alone, and in blood donors rejected for reasons other than high 
ALT or anti-core antibody when compared to random volunteer donors. 



TABLE 10 



w 



15 



25 



30 



35 



40 



NANBH HIGH RISK GROUP SAMPLES 


Group 


N 


Distribution 


% Reactive 


N 


OD 


Elevated ALT 


1 


35 
0.728 


3 


>3.000 


11.4% 


Anti-HBc 




24 


5 


w A AAA 

> 3.000 


20.8% 


Elevated ALT, Anti-HSc 




aa 
oo 


m 


- A, AAA 

->o.uuu 






1 


2.768 










1 


A A A A 

2.324 










1 


0.939 










1 


0.951 










1 


0.906 








Rejected Donors 




25 


5 


>3.000 


20.0% 


Donors with History of Hepatitis 




150 


19 


>3.000 


14. 7% 




1 


0.837 










1 


0.714 










1 


0.469 








Haemophiliacs 




50 


31 


>3.000 


76.0% 




1 


2.568 










1 


2.483 










1 


2.000 










1 


1.979 










1 


1.495 










1 


1.209 










1 


0.819 









IV.I.6 Comparative Studies Using Anti-IgG or Anti-lgM Monoclonal Antibodies, or Polyclonal Antibodies as a 
Second Antibody in the HCV c100-3 ELISA 

45 

The sensitivity of the ELISA determination which uses the anti-IgG monoclonal conjugate was compared 
to that obtained by using either an anti-IgM monoclonal conjugate, or by replacing both with a polyclonal 
antiserum reported to be both heavy and light chain specific. The following studies were performed. 

so IV.I.6.a. Serial Samples from Seroconverters 



Serial samples from three cases of NANB seroconverters were studied in the HCV c 100-3 ELISA assay 
using in the enzyme conjugate either the anti-IgG monoclonal alone, or in combination with an anti-IgM 
monoclonal, or using a polyclonal antiserum. The samples wer provided by Dr. Cladd Stev ns, N.Y. Blood 
55 Center, N.Y.C., N.Y.. The sample histories are shown in Tabl 11. 

The results obtained using an anti-IgG monoclonal antibody-enzyme conjugate are shown in Table 12. 
The data shows that strong reactivity is initially detected in samples 1-4, 2-8, and 3-5, of cases 1, 2, and 3, 
r spectively. 
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The results obtained using a combination of an anti-IgG monoclonal conjugate and an anti-IgM 
conjugate are shown in Table 13. Three different ratios of anti-IgG to anti-IgM were tested; the 1:10.000 
dilution of anti-IgG was constant throughout. Dilutions tested for the anti-IgM monoclonal conjugate were 
1:30,000, 1:60,000, and 1:120,000. Th data shows that, in agreement with th studies with anti-IgG alone, 

5 initial strong reactivity is detected in samples 1-4, 2-8, and 3-5. 

The results obtained with the ELISA using anti-IgG monoclonal conjugate (1:10,000 dilution), or Tago 
polyclonal conjugate (1:80,000 dilution), or Jackson polyclonal conjugate (1:80,000 dilution) are shown in 
Table 14. The data indicates that initial strong reactivity is detected in samples 1-4, 2-8, and 3-5 using all 
three configurations; the Tago polyclonal antibodies yielded the lowest signals. 

to The results presented above show that all three configurations detect reactive samples at the same time 
after the acute phase of the disease (as evidenced by the ALT elevation). Moreover, the results indicate that 
the sensitivity of the HCV c100-3 ELISA using anti-IgG monoclonal-enzyme conjugate is equal to or better 
than that obtained using the other tested configurations for the enzyme conjugate. 
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TABLE 


11 












DESCRIPTION OF 


SAMPLES FROM CLADD 


STEVENS 


PANEL 






5 




04 tt 


Hit AC 


Anci*K8s 


Anci-HIc 


ALT 


Bili ruoin 


10 


Gisa 1 


















6/3/61 


in 


91.7 


12.9 


40.0 


-1 *0 




1-2 


9/2/81 


1.0 


121.0 


13.1 


274.0 


1.4 


15 


1-3 


10/7/61 


1.0 


64.0 


23.6 


261.0 


0.9 




1-4 


11/19/81 


1.0 


67.3 


33.8 


73.0 


0.9 




.1-5 


12/15/81 


1.0 


30.3 


27.6 


71.0 


1.0 




Mil A 














20 


















2-1 


10/19/81 


1.0 


1.0 


116.2 


17.0 


-1.0 




2-2 


11/17/81 


1.0 


0.8 


69.3 


46.0 


1.1 


25 


2-3 


12/02/81 


1.0 


1.2 


78.3 


63.0 


1.4 


2-4 


12/14/81 


1.0 


0.9 


90.6 


132.0 


1.4 




2-5 


12/23/81 


1.0 


0.8 


93.6 


624.0 


1.7 




2-6 


1/20/62 


1.0 


0.8 


92.9 


66.0 


1.3 




2-7 


•/ 1 J/04 


1.0 




* 

86. 7 


70.0 


1.3 




o_o 
Z 0 


3/17/82 


1.0 


0.9 


69.8 


24.0 


-1.0 




2-9 


4/21/82 


1.0 


0.9 


67.1 


33.0 






2-10 


3/19/62 


1.0 


0.3 


74.8 


93.0 


1.6 






6/14/82 


1.0 


0.8 


82.9 


37.0 


-1.0 


35 


















Cam 3 


• 
















4/7/11 


1.0 




68.4 


13.0 


■ 

-1.0 


40 




S/U/tl 


1.0 


1.1 


126.2 


236.0 


0.4 




3-3 


S/30/S1 


1.0 


0.7 


99.9 


471.0 


0.2 




3-4 


•/t/M 


1.0 


1.2 


110.8 


313.0 


0.4 






»/•/»! 


1.0 


* * 

1.1 


69.9 


273.0 


0.4 


45 


3-6 


t/10/ll 


1.0 


1.0 


118.2 


136.0 


0.A 


3-7 


9/t/ll 


1.0 


1.0 


112.3 


84.0 


0.3 




3-8 


10/14/11 


1.0 


0.9 


102.3 


160.0 


0.3 




3-9 


ll/ll/ll 


1.0 


1.0 


64.4 


134.0 


0.3 



50 



55 
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TABLE 12 

ELISA RESULTS OBTAINED USIKG AN ANTI-IqG MONOCLONAL CONJUGATE 





DATE . 


Ail 


fig 


s/co 


NCG CONTftOl 






.076 










.476 




Ah a« ma a aVaaa A 

PC (1:128) 






1.390 














A A 

M 


A A 4 Aa* Ml a 

08 /OS/81 


■AAA A 

40.0 


• 178 


.37 


• A 

1-2 


AA AAA *A a 

09/02/81 


A A ^ A 

271.0 


A ftff> Am 

• 154 


•32 


1-3 


■ A #A A #A • 

10/07/81 


A^ • A 

261.0 


.129 


AA 

.27 


1-4 


11/19/81 


75*0 


AW 

•957 


1 .187 
* . a»# 




12/15/81 


71.0 


>3.000 


^ AA 

>6.30 












2-1 


10/19/81 


17.0 


.058 


A • A 

0.12 


2-2 


11/17/81 . 


16.0 

^™f ■ ^f 


.050 


0.11 


2-5 


12/02/81 

• •/ Wat V • 


63.0 


•047 

* *f 


0.10 




12/11/81 


152.0 

• a»a> ■ w 


•059 

W ^F F^ V 


0.12 


2-5 


12/23/81 

■ mm A«" V * 


624.0 


.070 


0.15 


2-6 


01/20/82 

W v v vW W8» 


66.0 


.051 


0.11 


2-7 


02/1S/82 


70.0 


.159 


0.29 


2-8 

A V 


03/17/82 


24.0 


1.867 


5.92 


2-9 


0^/21/82 


53.0 


>5.000 


>6.50 


2-10 


05/19/82 


95.0 


>5.000 


>6.50 


2-11 


06/14/82 


57.0 


>5.000 


>6.50 


c*n n 










5-1 


04/07/81 


13.0 


.090 


.19 


5-2 


OS/12/81 


256.0 


.064 


.15 


5-5 


05/50/81 


471.0 


.079 


.17 


5-4 


06/09/81 


515.0 


.211 


.44 


3-5 


07/06781 


275.0 


1.707 


5.59 


5-6 


08/10/81 


1S8.0 


>3.000 


»6.50 


5-7 


09/08/81 


84.0 


"3.000 


►6.30 


5-8 


10/14/81 


180.0 


>5.000 


>6.50 


5-9 


11/11/81 


154.0 


»5.000 


►6.30 
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TABLE 13 



ELISA RESULTS OBTAINED USING ANTI-IgG and ANTI-IgM 

MONOCLONAL CONJUGATE 









HOHOCLOHALS 


HONOCLOIUIS 


NONOCLONALS 








leG 1:10K 


UG I: IK 


IcG 1:10K 








lefl 1 :50K 


IsM 1:60K 


IcM 1 :120K 




0AT£ 


AJJ 


OS 2£S 


QB S£Q 


00 S^Cfl 


Nee Control 






.100 


.080 


.079 


Cutom 












PC (1:128) 






1.083 


1.328 


1.197 


C»« 11 












i-i 


08/05/81 


40 


.173 


.162 


.070 


1-2 


09/02/81 


274 


.194 


.141 


.079 


1-3 


10/07/81 


261 


.162 


.129 


.063 


1-0 


11/19/81 


75 


.812 


.85 


.709 


1-5 


12/15/81 


71 


►3.00 


>3.00 


>3.00 


Case #2 












2-1 


| A/| A/01 

lUr 19/51 


17 
ii 




.095 


.085 


2-2 


11/17/81 


46 


.102 


.029 


.030 


2-3 


12/02/81 


63 


.059 


.036 


.027 


2-* 


12/14/81 


152 


.065 


.041 


.025 


2-5 


12/23/81 


624 


.082 


.033 


.032 


2-6 


01/20/82 


66 


.102 


.042 


.027 


2-7 

4B 


02/15/82 


70 


.188 


.068 


.096 


2-8 


03/17/82 


24 


1.728 


1.668 


1.S41 


2-9 


04/21/82 


53 


>3.00 


2.443 


>3.00 


2-10 


OS/19/82 


95 


»3.00 


>3.00 


»3.00 


2-11 


06/14/82 


37 


>3.00 


>3.00 


>3.00 


C*si 13 












3-1 


04/07/81 


13 


.193 


.076 


.049 


3-2 


05/12/81 


236 


.201 


:osi 


.038 


3-3 


05/30/81 


471 


.132 


.067 


.052 


3-* 


06/09/81 


31S 


.175 


.155 


.140 


3-5 


07/06/81 


273 


1.33S 


1.238 


1.260 


3-6 


08/10/81 


158 


>3.00 


>3.00 


>3.00 


3-7 


09/08/81 


84 


►3.00 


»3.00 


»3.00 


3-8 


10/14/81 


180 


>3.00 


>3.00 


>3.00 


3-9 


1 1/11/81 


154 


>3.00 


>3.00 


»3.00 
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TABLE 14 

ELISA RESULTS OBTAINED USING POLYCLONAL CONJUGATES 

NAME ELISAs 

MONOCLONAL TAGO JACKSON 
1:10K 1:80K 1:80k 



Sample 


DATE 


Al T 
Ski 


nn 

JUL 




n nn 
B JUL 




nn 
JUL 




Nee Control 




.076 




.045 




.154 




Cutoff 






.476 




.545 




.654 




PC (1:128) 






Lm 




J2L 




?. 154 




C*st #1 


















l-l 


08/05/81 


40 


.178 


.37 


.067 


.12 


.153 


.23 


1-2 


09/02/81 


274 


.154 


.32 


.097 


.18 


.225 


=34 


1-3 


10/07/81 


261 


.129 


.27 


.026 


.05 


.167 


.26 


1-4 


I 1/19/81 


75 


.937 


1.97 


.324 


.60 


.793 


1.21 


1-5 


12/15/81 


71 


>3.00 

w • WW 


>6.30 

w • ^ w 


1.778 


3.27 


>3.00 


>4 54 


C*st #2 


















2-1 


10/19/81 


17 


.058 


.12 


.023 


.04 


.052 


.08 


2-2 


11/17/81 


46 


.050 


.11 


.018 


.03 


.058 


.09 


2-3 


12/02/81 


63 


.047 


.10 


.020 


.04 


.060 


.09 


2-4 


12/14/81 


152 


.059 


.12 


.025 


.05 


.054 


.08 


2-5 


12/23/81 


624 


.070 


.15 


.026 


.05 


.074 


.11 


2-6 


01/20/82 


'66 


.051 


.11 


.018 


.03 


.058 


.09 


2-7 


02/15/82 


70 


.139 


.29 


.037 


.07 


.146 


.22 


2-8 


03/17/82 


24 


1.867 


3.92 


.355 


.65 


1.429 


2.19 


2-9 


04/21/82 


53 


>3.00 


>6.30 


.748 


1.37 


>3.00 


>4.59 


2-10 


05/19/82 


95 


>3.00 


>6.30 


1.025 


1.88 


>3.00 


>4.59 


2-11 


00/14/82 


37 


>3.00 


>6.30 


.917 


1.68 


»3.00 


>4.59 


c»$i n 


















3-1 


04/07/81 


13 


.090 


.19 


.049 


.09 


.138 


.21 


3-2 


OS/12/81 


236 


.064 


.13 


.040 


.07 


.094 


.14 


3-3 


OS/30/81 


471 


.079 


.17 


.045 


.08 


.144 


.22 


3-4 


06/09/81 


315 


.211 


.44 


.085 


.16 


.275 


.42 


3-5 


07/06/81 


273 


1.707 


3.59 


.272 


.50 


1.773 


2.71 


3-6 


08/10/81 


158 


>3.00 


>6.30 


1.347 


2.47 


>3.00 


>4.59 


3-7 


09/08/81 


84 


»3.00 


>6.30 


2.294 


4.21 


>3.00 


>4.59 


3-8 


10/14/81 


180 


>3.00 


>6.30 


>3.00 


>S.50 


>3.00 


>4.59 


3-9 


11/11/81 


154 


»3.00 


>6.50 


•3.00 


>5.S0 


>3.00 


>4.59 



IV.I.6.b. Samples from Random Blood Donors 

Samples from random blood donors (See Section (V.I.1.) were screened for HCV Infection using the 
HCV dOO-3 ELISA, in which the antibody-enzyme conjugate was either an antHgG monoclonal conjugate, 
or a polyclonal conjugate. The total number of samples screened were 1077 and 1056, for the polyclonal 
conjugate and the monoclonal conjugate, respectively. A summary of the results of the screening is shown 
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in Table 16, and the sample distributions are shown in the histogram in Fig. 44. 

The calculation f the average and standard deviation was performed excluding samples that gave a 
signal over 1.5, i.e., 1073 OD values were used for the calculations utilizing the polyclonal conjugate, and 
1051 for the anti-lgQ monoclonal conjugat . As seen in Tabl 15, when the polyclonal conjugate was used, 

5 the average was shifted from 0.0493 to 0.0931, and the standard deviation was increased from 0.074 to 
0.0933. Moreover, the results also show that if the criteria of x +5SD is employed to define the assay 
cutoff, the polyclonal-enzyme conjugate configuration in the ELISA requires a higher cutoff value. This 
indicates a reduced assay specificity as compared to the monoclonal system. In addition, as depicted in the 
histogram in Fig. 44, a greater separation of results between negative and positive distributions occurs when 

w random blood donors are screened in an ELISA using the anti-IgG monoclonal conjugate as compared to 
the assay using a commercial polyclonal label. 

TABLE 15 



COMPARISON OF TWO ELISA CONFIGURATIONS IN TESTING SAMPLES FROM RANDOM BLOOD 




DONORS 




CONJUGATE 


POLYCLONAL (Jackson) 


ANTI-IgG MONOCLONAL 


Number of samples 


1073 


1051 


Average (x) 


0.0931 


0.04926 


Standard deviation (SD) 


0.0933 


0.07427 


5SD 


0.4666 


0.3714 


CUT-OFF (5 SD + x) 


0.5596 


0.4206 



25 

IV.J. Detection of HCV Seroconversion in NANBH Patients from a Variety of Geographical Locations 

Sera from patients who were suspected to have NANBH based upon elevated ALT levels, and who were 
30 negative in HAV and HBV tests were screened using the RIA essentially as described in Section IV.D., 
except that the HCV C 100-3 antigen was used as the screening antigen in the microtiter plates. As seen 
from the results presented in Table 16, the RIA detected positive samples in a high percentage of the 
cases. 

35 Table 16 



Seroconversion Frequencies for Anti-c100-3 Among NANBH Patients in Different Countries 


Country 


The Netherlands 


Italy 


Japan 


No. Examined 


5 


36 


26 


No. Positive 


3 


29 


19 


% Positive 


60 


80 


73 



45 

IV.K. Detection of HCV Seroconversion in Patients with "Community Acquired" NANBH 

Sera which was obtained from 100 patients with NANBH, for whom there was no obvious transmission 
route (i.e., no transfusions, i.y. drug use, promiscuity, etc. were identified as risk factors), was provided by 

50 Dr. M. Alter of the Center for Disease Control, and Dr. J. Dienstag of Harvard University. These samples 
were screened using an RIA essentially as described in Section IV.D., except that the HCV c 100-3 antigen 
was used as the screening antigen attached to the microtiter plates. The results showed that of the 100 
serum samples, 55 contained antibodi s that reacted immunologically with the HCV c 100-3 antigen. 

The results described abov suggest that "Community Acquired" NANBH is also caused by HCV. 

55 Moreover, since it has been demonstrated herein that HCV is related to Flavfviruses, most of which are 
transmitted by arthropods, it is sugg stiv that HCV transmission in the "Community Acquired" cases also 
results from arthropod transmission. 
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IV.L. Comparison of Incidence of HCV Antibodies and Surrogat Markers in Donors Implicated in NANBH 
Transmission 



A prospective study was carried out to determine whether recipients of blood from suspected NANBH 
positive donors, who developed NANBH, seroconverted to anti-HCV-antibody positive. The blood donors 
were tested for the surrogate marker abnormalities which are currently used as markers for NANBH 
infection, i.e., elevated ALT levels, and the presence of anti-core antibody. In addition, the donors were also 
tested for the presence of anti-HCV antibodies. The determination of the presence of anti-HCV antibodies 
was determined using a radioimmunoassay as described in Section IV. K. The results of the study are 
presented in Table 17, which shows: the patient number (column 1); the presence of anti-HCV antibodies in 
patient serum (column 2); the number of donations received by the patient, with each donation being from a 
different donor (column 3); the presence of anti-HCV antibodies in donor serum (column 4); and the 
surrogate abnormality of the donor (column 5) (NT or - means not tested) (ALT is elevated transaminase, 
and ANTI-HBc is anti-core antibody). 

The results in Table 17 demonstrate that the HCV antibody test is more accurate in detecting infected 
blood donors than are the surrogate marker tests. Nine out of ten patients who developed NANBH 
symptoms tested positive for anti-HCV antibody seroconversion. Of the 11 suspected donors, (patient 6 
received donations from two different individuals suspected of being NANBH carriers), 9 were positive for 
anti-HCV antibodies, and 1 was borderline positive, and therefore equivocal (donor for patient 1). In contrast, 
using the elevated ALT test 6 of the ten donors Jested negative, and using the anticore-antibody test 5 of 
the ten donors tested negative. Of greater consequence, though, in three cases (donors to patients 8, 9, and 
10) the ALT test and the ANTI-HBc test yielded inconsistent results. 
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IV.M. Amplification for Cloning of HCV cDNA Sequences Utilizing the PCR and Primers Derived from 
Conserved Regions of Flavivirus Genomic Sequences 

The results presented supra., which suggest that HCV is a flavivirus or flavi-like virus, allows a strategy 
so for cloning uncharacterized HCV cDNA sequences utilizing the PCR technique, and primers derived from 
the regions encoding conserved amino acid sequences in flaviviruses. Generally, one of the primers is 
derived from a defined HCV genomic sequence, and the other primer which flanks a region of unsequenced 
HCV polynucleotide is derived from a conserved region of the flavivirus genome. The flavivirus genomes 
are known to contain cons rved sequences within the NS1, and E polypeptides, which are ncoded in th 
55 5'-r gion of the flavivirus genome. Corresponding sequences encoding these regions lie upstream of the 
HCV cDNA sequence shown in Fig. 26. Thus, to isolate cDNA sequences derived from this region of the 
HCV genome, upstream primers ar designed which ar derived from th conserved sequences within 
these flavivirus polypeptides. The downstream primers are derived from an upstream end of the known 
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portion of the HCV cDNA. 

Because of the degeneracy of the code, it is probable that there will be mismatches between the 
flavivirus prob s and the corresponding HCV genomic sequence. Therefore a strategy which is similar to 
the one described by Lee (1988) is used. The Lee procedur utilizes mixed oligonucleotide primers 

s complementary to the r verse translation products of an amino acid sequence; the sequences in the mixed 
primers takes into account every codon degeneracy for the conserved amino acid sequence. 

Three sets of primer mixes are generated, based on the amino acid homologies found in several 
flaviviruses, including Dengue-2,4 (D-2,4), Japanese Encephalitis Virus (JEV), Yellow Fever (YF), and West 
Nile Virus (WN). The primer mixture derived from the most upstream conserved sequence (5'-1), is based 

10 upon the amino acid sequence g!y-trp-gly, which is part of the conserved sequence asp-arg-gly-trp-gly- 
aspN found in the E protein of D-2, JEV, YF, and WN. The next primer mixture (5-2) is based upon a. 
downstream conserved sequence in E protein, phe-asp-gly-asp-ser-tyr-ileu-phe-gly-asp-ser-tyr-ileu, and is 
derived from phe-gly-asp; the conserved sequence is present in D-2, JEV, YF, and WN. The third primer 
mixture (5**3), is based on the amino acid sequence arg-ser-cys, which is part of the conserved sequence 

T5 cys-cys-arg-ser-cys in the NS1 protein of D-2 t D-4, JEV, YF, and WN. The individual primers which form 
the mixture in 5'-3 are shown in Fig. 45. In addition to the varied sequences derived from conserved region, 
each primer in each mixture also contains a constant region at the 5'-end which contains a sequence 
encoding sites for restriction enzymes, Hindlll, Mbol, and EcoRI. 

The downstream primer, ssc5h20A, is derived from a nucleotide sequence in clone 5h, which contains 

20 HCV cDNA with sequences with overlap those in clones 141 and l i b. The sequence of ssc5h2GA is 
5' GTA ATA TGG TGA CAG AGT CA 3'. 
An alternative primer, ssc5h34A, may also be used. This primer is derived from a sequence in clone 5h t 
and in addition contains nucleotides at the 5'-end which create a restriction enzyme site, thus facilitating 
cloning. The sequence of ssc5h34A is 

25 5' GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3'. 

The PCR reaction, which was initially described by Saiki et al. (1986), is carried out essentially as 
described in Lee et al. (1988), except that the template for the cDNA is RNA isolated from HCV infected 
chimpanzee liver, as described in Section IV.C.2., or from viral particles isolated from HCV infected 
chimpanzee serum, as described in Section IV.A.1. In addition, the annealing conditions are less stringent in 

30 the first round of amplification (0.6M NaCI, and 25 * C), since the part of the primer which will anneal to the 
HCV sequence is only 9 nucleotides, and there could be mismatches. Moreover, if ssc5h34A is used, the 
additional sequences not derived from the HCV genome tend to destabilize the primer-template hybrid. 
After the first round of amplification, the annealing conditions can be more stringent (0.066M NaCI, and 
32 '037*0), since the amplified sequences now contain regions which are complementary to, or duplicates 

35 of the primers. In addition, the first 10 cycles of amplification are run with Klenow enzyme I, under 
appropriate PCR conditions for that enzyme. After the completion of these cycles, the samples are 
extracted, and run with Taq polymerase, according to kit directions, as furnished by Cetus/Perkin-Elmer. 

After the amplification, the amplified HCV cDNA sequences are detected by hybridization using a probe 
derived from clone 5h. This probe is derived from sequences upstream of those used to derive the primer, 

40 and does not overlap the sequences of the clone 5h derived primers. The sequence of the probe is 

5' CCC AGC GGC GTA CGC GCT GGA CAC GGA GGT GGC CGC GTC 
45 GTG TGG CGG TGT TGT TCT CGT CGG GTT GAT GGC GC 3'. 



IV.N.1. Creation of HCV cDNA Library from liver of a Chimpanzee with infectious NANBH 

50 

An HCV cDNA library was created from liver from the chimpanzee from which the HCV cDNA library in 
Section IVA1 . was created. The technique for creating the library was similar to that in Section IVA24, 
except for this different source of the RNA, and that a primer based on the sequence of HCV cDNA in clone 
11b was used. The s quence of the primer was 
65 5' CTG GCT TGA AGA ATC 3'. 
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IV.N.2. Isolation and nucleotide sequence of overlapping HCV cDNA in clone k9-1 to cDNA in clon 11b 

Clone k9-1 was isolated from the HCV cDNA library created from the liver of an NANBH infected 
chimpanzee, as described in Section IVA25. Th library was screened for clon s which overlap the 

s sequence in clone 11b, by using a clone which overlaps clone . 11b at the 5'-terminus, clone 11e. The 
sequence of clone 11b is shown in Fig. 23. Positive clones were isolated with a frequency of 1 in 500,000. 
One isolated clone, k9-1, was subjected to further study. The overlapping nature of the HCV cDNA in clone 
k9-1 , to the 5'-end of the HCV-cDNA sequence in Fig. 26 was confirmed by probing the clone with clone 
Alex 46; this latter clone contains an HCV cDNA sequence of 30 base pairs which corresponds to those 

70 base pairs at the 5'terminus of the HCV cDNA in clone 14i, described supra.. 

The nucleotide sequence of the HCV cDNA isolated from clone k9-1 was determined using the 
techniques described supra The sequence of the HCV cDNA in done k9-1, the overlap with the HCV cDNA 
in Fig. 26, and the amino acids encoded therein are shown in Fig. 46. 

The HCV cDNA sequence in clone k9-1 has been aligned with those of the clones described in Section 

75 IV. A. 19 to create a composite HCV cDNA sequence, with the k9-1 sequence being placed upstream of the 
sequence shown in Fig. 32. The composite HCV cDNA which includes the k9-1 sequence and the amino 
acids encoded therein is shown in Fig. 47. 

The sequence of the amino acids encoded in the 5'-region of HCV cDNA shown in Fig. 47 has been 
compared with the corresponding region of one of the strains of Dengue virus, described supra., with 

2G respect to the profs!© of regions of hydrophebicity -and-hydrophilicity. This comparison showed that the 
polypeptides from HCV and Dengue encoded in this region, which corresponds to the region encoding NS1 
(or a portion thereof), have a similar hydrophobic/hydrophilic profile. 

The information provided infra, allows the identification of HCV strains. The isolation and characteriza- 
tion of other HCV strains may be accomplished by isolating the nucleic acids from body components which 

25 contain viral particles, creating cDNA libraries using polynucleotide probes based on the HCV cDNA probes 
described infra., screening the libraries for clones containing HCV cDNA sequences described infra., and 
comparing the HCV cDNAs from the new isolates with the cDNAs described infra. The polypeptides 
encoded therein, or in the viral genome, may be monitored for Immunological cross-reactivity utilising the 
polypeptides and antibodies described supra. Strains which fit within the parameters of HCV, as described 

30 in the Definitions section, supra., are readily identifiable. Other methods for identifying HCv strains will be 
obvious to those of skill in the art, based upon the information provided herein. 

Industrial Applicability 

35 The invention, in the various manifestations disclosed herein, has many industrial uses, some of which 
are the following. The HCV cDNAs may be used for the design of probes for the detection of HCV nucleic 
acids in samples. The probes derived from the cDNAs may be used to detect HCV nucleic acids in, for 
example, chemical synthetic reactions. They may also be used in screening programs for anti-viral agents, 
to determine the effect of the agents in inhibiting viral replication in cell culture systems, and animal model 

40 systems. The HCV polynucleotide probes are also useful in detecting viral nucleic acids in humans, and 
thus, may serve as a basis for diagnosis of HCV infections in humans. 

In addition to the above, the cDNAs provided herein provide information and a means for synthesizing 
polypeptides containing epitopes of HCV. These polypeptides are useful in detecting antibodies to HCV 
antigens. A series of immunoassays for HCV infection, based on recombinant polypeptides containing HCV 

45 epitopes are described herein, and will find commercial use in diagnosing HCV induced NANBH, in 
screening blood bank donors for HCV-caused infectious hepatitis, and also for detecting contaminated blood 
from infectious blood donors. The viral antigens will also have utility in monitoring the efficacy of anti-viral 
agents in animal model systems. In addition, the polypeptides derived from the HCV cDNAs disclosed 
herein will have utility as vaccines for treatment of HCV infections. 

so The polypeptides derived from the HCV cDNAs, besides the above stated uses, are also useful for 
raising anti-HCV antibodies. Thus, they may be used in anti-HCV vaccines. However, the antibodies 
produced as a result of immunization with the HCV polypeptides are also useful in detecting the presence 
of viral antig ns in samples. Thus, they may be used to assay the production of HCV polypeptides in 
chemical systems. The anti-HCV antibodies may also be used to monitor the efficacy of anti-viral agents in 

55 screening programs wher these agents are tested in tissue culture systems. They may also be used for 
passive immunotherapy, and to diagnose HCV caused NANBH by allowing the detection of viral antigen(s) 
in both blood donors and recipients. Anoth r important use for anti-HCV antibodies is in affinity chromatog- 
raphy for the purification of virus and viral polypeptides. The purified virus and viral polypeptide prepara- 
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tions may be used in vaccines. However, the purified virus may also be useful for th development of celt 
culture systems in which HCV replicat s. 

Cell culture systems containing HCV infected cells will have many uses. They can be used for the 
relatively large scale production of HCV, which is normally a low titer virus. These systems will also be 
5 useful for an elucidation of the molecular biology of the virus, and lead to the development of anti-viral 
agents. The cell culture systems will also be useful in screening for the efficacy of antiviral agents. In 
addition, HCV permissive cell culture systems are useful for the production of attenuated strains of HCV. 

For convenience, the anti-HCV antibodies and HCV polypeptides, whether natural or recombinant, may 
be packaged into kits. 

ro The method used for isolating HCV cDNA, which is comprised of preapring a cDNA library derived from 
infected tissue of an individual, in an expression vector, and selecting clones which produce the expression 
products which react immunologically with antibodies in antibody-containing body components from other 
infected individuals and not from non-infected individuals, may also be applicable to the isolation of cDNAs 
derived from other heretofore uncharacterized disease-associated agents which are comprised of a genomic 

75 component. This, in turn, could lead to isolation and characterization of these agents, and to diagnostic 
reagents and vaccines for these other disease-associated agents. 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, U, LU, NU SE 

20 

1. A polypeptide in substantially isolated form comprising a contiguous sequence of at least 10 amino 
acids encoded by the genome of hepatitis C virus (HCV) and comprising an antigenic determinant, 
wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 
25 (ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(Hi) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

2. A polypeptide according to claim 1 wherein said polyprotein comprises an amino acid sequence having 
30 at least 60% homology to the 859 amino acid sequence in Figure 14. 

3. A polypeptide according to claim 1 or 2 comprising at least 15 amino acids. 

4. A polypeptide according to any one of the preceding claims prepared by recombinant DNA expression. 

35 

5. A polypeptide according to any one of claims 1 to 3 prepared by chemical synthesis. 

6. A polypeptide according to any one of claims 1 to 5 wherein said contiguous sequence is found in 
Figure 14. 

40 

7. A polypeptide according to any one of claims 1 to 5 wherein said contiguous sequence is found in 
Figure 47. 

8. A polypeptide according to any one of claims 1 to 5 wherein said contiguous sequence is encoded 
45 within the Iambda-gt11 cDNA library deposited with the American Type Culture Collection (ATCC) 

under accession no. 40394. 

9. A polypeptide according to any one of claims 1 to 8 wherein said contiguous sequence is from a 
nonstructural viral protein. 

so 

10. A polypeptide according to any one of claims 1 to 5, 7 or 8 wherein said contiguous sequence is from 
a structural viral protein. 

11. A polypeptid according to any one of claims 1 to 8 whose sequ nee is as shown in any one of 
55 Figures 1, 3 to 32, 36, 46 and 47, or whose sequence is encoded in a polynucleotide selectively 

hybridisable with the polynucleotide as shown in any one of Figures 1, 3 to 32, 36, 46 or 47. 

12. A polypeptide according to any of claims 1 to 1 1 wherein the polypeptide is fixed to a solid phase. 
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13. An immunoassay kit comprising a polypeptide according to any one of claims 1 to 12 in a suitable 
container. 

14. A composition comprising a polypeptide in substantially isolated form according to any one of claims 1 
5 to 1 1 mix d with a pharmaceutical^ acceptable excipient. 

15. A vaccine composition according to claim 14. 

16. An immunoassay for detecting antibody against hepatitis C virus (HCV) (anti-HCV antibody), which 
10 immunoassay comprises: 

(a) providing a polypeptide comprising an antigenic determinant bindable by said anti-HCV antibody, 
wherein said antigenic determinant comprises a contiguous amino acid sequence encoded by the 
HCV genome and wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 
75 (ii) said genome comprising an open reading frame (ORF) encoding a potyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 
859 amino acid sequence in Figure 14. 

(b) incubating a biological sample with said polypeptide under conditions that allow for the formation 
of antibody-antigen complex; and 

20 fc) determining whether antibody-antigen complex comprising said polypeptide is formed. 

17. An immunoassay according to claim 16 wherein the polypeptide is prepared by recombinant DNA 
expression. 

25 18. An immunoassay according to claim 16 wherein the polypeptide is prepared by chemical synthesis. 

19. An immunoassay according to any one of claims 16 to 18 wherein said polypeptide is attached to a 
solid support. 

30 20. An immunoassay according to any one of claims 16 to 19 wherein said antibody-antigen complexes are 
detected by incubating the complexes with a labeled anti-human immunoglobulin antibody. 

21. An immunoassay of claim 20 wherein said anti-human immunoglobulin antibody is enzyme labeled. 

35 22. An immunoassay according to any one of claims 16 to 21 wherein said polyprotein comprises an amino 
acid sequence having at least 60% homology to the 859 amino acid sequence in Figure 14. 

23. An immunoassay according to any one of claims 16 to 22 wherein the contiguous sequence is at least 
10 amino acids. 

40 

24. An immunoassay according to any one of claims 16 to 23 wherein the contiguous sequence is at least 
15 amino acids. 

25. An immunoassay according to any one of claims 16 to 24 wherein the contiguous sequence is found in 
45 Figure 14. 

26. An immunoassay according to any one of claims 16 to 24 wherein the contiguous sequence is found in 
Figure 47. 

so 27. An immunoassay according to any one of claims 16 to 24 wherein the contiguous sequence is as 
shown in any one of Figures 1, 3 to 32. 36, 46 or 47, or whose sequence is encoded in a 
polynucleotide selectively hybridisable with the polynucleotide as shown in any one of Figures 1 , 3 to 
32. 36, 46 or 47. 

55 28. An immunoassay according to any one of claims 16 to 27 wherein said contiguous sequence is 
encoded within the Iambda-gt11 cDNA library deposited with the American Type Culture Collection 
(ATCC) under accession no. 40394. 
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29. An immunoassay according to any one of claims 16 to 28 wherein said contiguous sequence is from a 
nonstructural viral protein. 

30. An immunoassay according to any one of claims 16 to 24 or 26 to 28 wherein said contiguous 
5 sequence is from a structural viral protein. 

31. An immobilised polypeptide for use in the immunoassay of any one of claims 16 to 30 wherein the 
polypeptide comprises an antigenic determinant bindable by an anti-HCV antibody as defined in claim 
16. 

70 

32. A polynucleotide in substantially isolated form comprising a contiguous sequence of nucleotides which 
is capable of selectively hybridizing to the genome of hepatitis C virus (HCV) or the compliment 
thereof, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 
75 (ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

33. A polynucleotide according to claim 32 wherein said polyprotein comprises an amino acid sequence 
20 having at least 60% homology to the 859 amino acid sequence in Figure 14, 

34. A polynucleotide according to claim 32 or 33 wherein said contiguous sequence is at least 10 
nucleotides. 

25 35. A polynucleotide according to claim 34 wherein said contiguous sequence is at least 15 nucleotides. 

36. A polynucleotide according to claim 35 wherein said contiguous sequence is at least 20 nucleotides. 

37. A polynucleotide according to any one of claims 32 to 36 which is a DNA polynucleotide. 

30 

38. A polynucleotide according to any one of claims 32 to 36 which is a RNA polynucleotide. 

39. A polynucleotide according to any one of claims 32 to 38 fixed to a solid phase. 

35 40. A probe which comprises a polynucleotide according to any one of claims 32 to 39 further comprising a 
detectable label. 

41. An assay kit comprising a polynucleotide probe according to any one of claims 32 to 40 in a suitable 
container. 

40 

42. A polymerase chain reaction (PGR) kit comprising a pair of primers capable of priming the synthesis of 
cDNA in a PCR reaction, wherein each of said primers is a polynucleotide according to any one of 
claims 32 to 37. 

45 43. A PCR kit according to claim 42 further comprising a polynucleotide probe capable of selectively 
hybridising to a region of the HCV genome between and not including the HCV sequences from which 
the primers are derived. 

44. A method of performing a polymerase chain reaction wherein the primers are a pair of polynucleotides 
so according to any of claims 32 to 37. 

45. A method for assaying a sample for the presence or absence of HCV polynucleotides comprising: 

(a) contacting the sample with a probe comprising a polynucleotide according to any one of claims 
32 to 40 under conditions that allow th selective hybridisation of said probe to an HCV poly- 

55 nucleotide or the compliment thereof in the sampl ; and 

(b) determining whether polynucleotide duplexes comprising said probe are formed. 
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50 



46. A DNA polynucleotide encoding a polypeptide, which polypeptide comprises a contiguous sequence of 
at least 10 amino acids encoded by the genome of hepatitis C virus (HCV) and comprising an antigenic 
determinant, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 
s (ii) said genome comprising an open reading fram (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

47. A DNA nucleotide according to claim 46 wherein said polyprotein comprises an amino acid sequence 
70 having at least 60% homology to the 859 amino acid sequence in Figure 14. 

48. A DNA polynucleotide according to claim 46 or 47 wherein said contiguous sequence encodes at least 
15 amino acids. 

75 49. A DNA polynucleotide according to any one of claims 46 to 48 wherein said contiguous sequence is 
found in Figure 14. 

50. A DNA polynucleotide according to any one of claims 46 to 48 wherein said contiguous sequence is 
found in Figure 47. 

20 

51. A DNA polynucleotide according to any one of claims 46 to 48 wherein said contiguous sequence is 
encoded within the Iambda-gt11 cDNA library deposited with the American Type Culture Collection 
(ATCC) under accession no. 40394. 

25 52. A DNA polynucleotide according to any one of claims 46 to 48 whose sequence is as shown in any one 
of Figures 1, 3 to 32, 36, 46 or 47, or whose sequence is selectively hybridisable with the 
polynucleotide as shown in any one of Figures 1 , 3 to 32, 36, 46 or 47. 

53. A DNA polynucleotide according to any one of claims 46 to 52 wherein said contiguous sequence is 
30 from a nonstructural viral protein. 

54. A DNA polynucleotide according to any one of claims 46 to 48 or 50 to 52 wherein said contiguous 
sequence is from a structural viral protein. 

35 55. A recombinant vector comprising a coding sequence which comprises a DNA polynucleotide according 
to any one of claims 46 to 54. 

56. A host cell transformed by a recombinant vector according to claim 55 wherein the coding sequence is 
operably linked to a control sequence capable of providing for the expression of the coding sequence 

40 by the host cell. 

57. A method of producing a recombinant HCV polypeptide comprising incubating a host cell according to 
claim 56 under conditions that provide for the expression of the coding sequence. 

45 58. An anti-HCV antibody composition comprising antibodies that bind said antigenic determinant of a 
polypeptide according to any one of claims 1 to 12 which is (a) a purified preparation of polyclonal 
antibodies, or (b) a monoclonal antibody composition. 



59. A composition according to claim 58 wherein the anti-HCV antibodies are fixed to a solid phase. 

60. An immunoassay kit comprising an anti-HCV antibody composition according to claim 58 or 59 in a 
suitable container. 

61. An immunoassay m thod for detecting an HCV antigen in a sample comprising: 
55 (a) providing an anti-HCV antibody composition according to claim 58 or 59; 

(b) incubating a sample with said anti-HCV antibody composition under conditions that allow for the 
formation of an antibody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising the anti-HCV antibody is formed. 
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62. A polypeptide comprising a contiguous sequence of at least 10 amino acids encoded by the genome of 
hepatitis C virus (HCV) and comprising an antigenic determinant, wherein said contiguous sequence is 
fused to a non-HCV amino acid sequence, and wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 
5 (ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

63. A polypeptide according to claim 62 wherein said polyprotein comprises an amino acid sequence 
10 having at least 60% homology to the 859 amino acid sequence in Figure 14. 

64. A polypeptide according to claim 62 or 63 wherein said non-HCV amino acid sequence comprises a 
signal sequence. 

rs 65. A polypeptide according to claim 62 or 63 wherein said non-HCV amino acid sequence comprises an 
amino acid sequence from beta-galactosidase or superoxide dismutase. 

66. A polypeptide according to claim 62 or 63 wherein the non-HCV amino acid sequence comprises a 
particle-forming protein. 



on 



67. A polypeptide according to claim 66 wherein the particle-forming protein comprises hepatitis B surface 
antigen. 

68. A polypeptide according to any one of claims 1 to 12 or 62 to 67 for use in a method of making anti- 
25 HCV antibodies which comprises administering the polypeptide to a mammal in an amount sufficient to 

produce an immune response. 

69. A composition comprising a polypeptide according to any one of claims 62 to 67 mixed with a 
pharmaceutical^ acceptable excipient. 

30 

70. A vaccine according to claim 69. 

71. A method of growing hepatitis C virus (HCV) comprising providing cells infected with HCV, and 
propagating said cells in vitro , wherein said HCV is characterized by: 

35 (i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

40 72. A method according to claim 71 wherein said polyprotein comprises an amino acid sequence having at 
least 60% homology to the 659 amino acid sequence in Figure 14. 

73. A method according to claim 71 or 72 wherein said cells comprise primary cells. 

45 74. A method according to claim 71 or 72 wherein said cells comprise a cell line. 

75. A method according to any one of claims 71 to 74 wherein said cells are hepatocytes or macrophages. 

76. A hepatitis C virus (HCV) immunoassay antigen fixed to a solid phase, wherein HCV is characterized 
so by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figur 14; 

65 said antigen comprising an antigenic determinant immunologically reactive with an anti-HCV antibody, 
wherein 

(a) said anti-HCV antibody is immunologically reactive with a reference antigenic determinant (i) 
ncoded by an HCV cDNA insert in the Iambda-gt11 library deposited with the American Type 
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Culture Collection (ATCC) under accession no. 40394. or (ii) found in Figure 47; and 

(b) said reference antigenic determinant is immunologically reactive with sera from HCV-infected 

humans. 

5 77. An HCV antigen according to claim 76 wherein said reference antigenic determinant is found in Figure 
14. 

Claims for the following Contracting State : ES 

io 1. An immunoassay for detecting antibody against hepatitis C virus (HCV) (anti-HCV antibody), which 
immunoassay comprises: 

(a) providing a polypeptide comprising an antigenic determinant bindable by said anti-HCV antibody, 
wherein said antigenic determinant comprises a contiguous amino acid sequence encoded by the 
HCV genome and wherein HCV is characterized by: 

75 (i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 
859 amino acid sequence in Figure 14, 

(b) incubating a biological sample with said polypeptide under conditions that allow for the formation 
20 of antibody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising said polypeptide is formed. 

2. An immunoassay according to claim 1 wherein the polypeptide is prepared by recombinant DNA 
expression. 

25 

3. An immunoassay according to claim 1 wherein the polypeptide is prepared by chemical synthesis. 

4. An immunoassay according to any one of claims 1 to 3 wherein said polypeptide is attached to a solid 
support. 

30 

5. An immunoassay according to any one of claims 1 to 4 wherein said antibody-antigen complexes are 
detected by incubating the complexes with a labeled anti-human immunoglobulin antibody. 

6. An immunoassay of claim 5 wherein said anti-human immunoglobulin antibody is enzyme labeled. 

7. An immunoassay according to any one of claims 1 to 6 wherein said polyprotein comprises an amino 
acid sequence having at least 60% homology to the 859 amino acid sequence in Figure 14. 

8. An immunoassay according to any one of claims 1 to 7 wherein the contiguous sequence is at least 10 
40 amino acids. 

9. An immunoassay according to any one of claims 1 to 8 wherein the contiguous sequence is at least 15 
amino acids. 

45 10. An immunoassay according to any one of claims 1 to 9 wherein the contiguous sequence is found in 
Figure 14. 

11. An immunoassay according to any one of claims 1 to 9 wherein the contiguous sequence is found in 
Figure 47. 

50 

12. An immunoassay according to any one of claims 1 to 9 wherein the contiguous sequence is as shown 
in any one of Figures 1, 3 to 32, 36, 46 or 47, or whose sequence is encoded in a polynucleotide 
selectively hybridisable with the polynucleotide as shown in any one of Figures 1 , 3 to 32, 36, 46 or 47. 

55 13. An immunoassay according to any on of claims 1 to 12 wherein said contiguous sequence is encoded 
within the Iambda-gt11 cDNA library deposited with the American Type Culture Collection (ATCC) 
under accession no. 40394. 
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14. An immunoassay according to any one of claims 1 to 13 wherein said contiguous sequence is from a 
nonstructural viral protein. 

15. An immunoassay according to any one of claims 1 to 9 or 11 to 13 wh rein said contiguous sequence 
is from a structural viral protein. 

16. A method of performing a polymerase chain reaction wherein the primers are a pair of polynucleotides, 
which polynucleotides are each a contiguous sequence of nucleotides which is capable of selectively 
hybridizing to the genome of hepatitis C virus (HCV) or the compliment thereof, wherein HCV is 
characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

17. A method according to claim 16 wherein said polyprotein comprises an amino acid sequence having at 
least 60% homology to the 859 amino acid sequence in Figure 14. 

18. A method according to claim 16 or 17 wherein said contiguous polynucleotide sequence is at least 10 
nucleotides. 

19. A method according to claim 18 wherein said contiguous polynucleotide sequence is at least 15 
nucleotides. 

20. A method according to claim 19 wherein said contiguous polynucleotide sequence is at least 20 
nucleotides. 

21. A method according to any one of claims 16 to 20 wherein the polynucleotide is a DNA polynucleotide. 

22. A method according to any one of claims 16 to 21 which further comprises the use of a polynucleotide 
probe capable of selectively hybridising to a region of the HCV genome between and not including the 
HCV sequences from which the primers are derived. 

23. A method for assaying a sample for the presence or absence of HCV polynucleotides comprising: 

(a) contacting the sample with a probe comprising a polynucleotide as defined in any one of claims 
16 to 21 under conditions that allow the selective hybridisation of said probe to an HCV poly- 
nucleotide or the compliment thereof in the sample; and 

(b) determining whether polynucleotide duplexes comprising said probe are formed. 

24. A method according to claim 23 wherein the probe is a RNA polynucleotide. 

25. A method according to claim 23 or 24 wherein the probe is fixed to a solid phase. 

26. A method according to any one of claims 23 to 25 wherein the probe further comprises a detectable 
label. 

27. A method of producing a recombinant HCV polypeptide comprising incubating a host cell transformed 
by a recombinant vector comprising a coding sequence of a DNA polynucleotide encoding a polypep- 
tide, which polypeptide comprises a contiguous sequence of at least 10 amino acids encoded by the 
genome of hepatitis C virus (HCV) and comprising an antigenic determinant, wherein HCV is character- 
ized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14, 

wherein the coding sequence is operably linked to a control sequence capable of providing for the 
expression of the coding sequ nee by th host cell under conditions that provide for the xpression of 
the coding sequence. 
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28. A method according to claim 27 wherein said polyprotein comprises an amino acid sequence having at 
least 60% homology to the 859 amino acid sequ nee in Figure 14. 

29. A method according to claim 27 or 28 wherein said contiguous s quence encodes at least 15 amino 
5 acids. 

30. A method according to any one of claims 27 to 29 wherein said contiguous sequence is found in Figure 
14. 

ro 31. A method according to any one of claims 27 to 29 wherein said contiguous sequence is found in Figure 
47. 

32. A method according to any one of claims 27 to 29 wherein said contiguous sequence is encoded within 
the Iambda-gt11 cDNA library deposited with the American Type Culture Collection (ATCC) under 

75 accession no. 40394. 

33. A method according to any one of claims 27 to 29 wherein the DMA polynucleotide sequence is as 
shown in any one of Figures 1 , 3 to 32, 36, 46 or 47, or whose sequence is selectively hybridisable 
with the polynucleotide as shown in any one of Figures 1 , 3 to 32, 36, 46 or 47. 

20 

34. A method according to any one of claims 27 to 33 wherein said contiguous sequence is from a 
nonstructural viral protein. 

35. A method according to any one of claims 27 to 29 or 31 to 33 wherein said contiguous sequence is 
25 from a structural viral protein. 

36. A method comprising a mixing polypeptide in substantially isolated form prepared by the method of 
any one of claims 26 to 35 or a polypeptide of the same sequence prepared by chemical synthesis 
with a pharmaceutical^ acceptable excipient. 

30 

37. A method according to claim 36 for the preparation of a vaccine. 

38. A method according to claim 27 or 28 wherein said contiguous sequence is fused to a non-HCV amino 
acid sequence. 

35 

39. A method according to claim 38 wherein said non-HCV amino acid sequence comprises a signal 
sequence. 

40. A method according to claim 38 wherein said non-HCV amino acid sequence comprises an amino acid 
40 sequence from beta-galactosidase or superoxide dismutase. 

41. A method according to claim 38 wherein the non-HCV amino acid sequence comprises a particle- 
forming protein. 

45 42. A method according to claim 41 wherein the particle-forming protein comprises hepatitis B surface 
antigen. 

43. A method comprising mixing a polypeptide prepared by the method of any one of claims 38 to 42 with 
a pharmaceutical^ acceptable excipient 

50 

44. A method according to claim 43 for the preparation of a vaccine. 

'5. An immunoassay method for detecting an HCV antigen in a sample comprising: 

(a) providing an anti-HCV antibody composition comprising antibodies that bind said antigenic 
55 determinant of a polypeptide as defined in any one of claims 1 to 4 or 7 to 15 which is (a) a purified 

preparation of polyclonal antibodies, or (b) a monoclonal antibody composition; 

(b) incubating a sample with said anti-HCV antibody composition under conditions that allow for the 
formation of an antibody-antigen complex; and 
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(c) determining wheth r antibody-antigen complex comprising the anti-HCV antibody is formed. 

46. A method according to claim 45 wherein the anti-HCV antibodies are fixed to a solid phase. 

5 47. A method of growing hepatitis C virus (HCV) comprising providing cells infected with HCV, and 
propagating said cells in vitro, wher in said HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
io amino acid sequence in Figure 14. 

48. A method according to claim 47 wherein said polyprotein comprises an amino acid sequence having at 
least 60% homology to the 859 amino acid sequence in Figure 14. 

75 49. A method according to claim 47 or 48 wherein said cells comprise primary cells. 

50. A method according to claim 47 or 48 wherein said cells comprise a cell line. 

51. A method according to any one of claims 47 to 50 wherein said cells are hepatocytes or macrophages. 

20 

52. A method of preparing a hepatitis C virus (HCV) immunoassay antigen, wherein HCV is characterized 
by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

25 (iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 

amino acid sequence in Figure 14; 
said antigen comprising an antigenic determinant immunologically reactive with an anti-HCV antibody, 
wherein 

(a) said anti-HCV antibody is immunologically reactive with a reference antigenic determinant (i) 
30 encoded by an HCV cDNA insert in the Iambda-gt11 library deposited with the American Type 

Culture Collection (ATCC) under accession no. 40394, or (ii) found in Figure 47; and 

(b) said reference antigenic determinant is immunologically reactive with sera from HCV-infected 
humans; 

which comprises fixing said immunoassay antigen to a solid phase. 

35 

53. A method according to claim 52 wherein said reference antigenic determinant is found in Figure 14. 

Claims for the following Contracting State : GR 

40 1. An immunoassay for detecting antibody against hepatitis C virus (HCV) (anti-HCV antibody), which 
immunoassay comprises: 

(a) providing a polypeptide comprising an antigenic determinant bindable by said anti-HCV antibody, 
wherein said antigenic determinant comprises a contiguous amino acid sequence encoded by the 
HCV genome and wherein HCV is characterized by: 

45 (i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 
859 amino acid sequence in Figure 14, 

(b) incubating a biological sample with said polypeptide under conditions that allow for the formation 
so of antibody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising said polypeptide is formed. 

2. An immunoassay according to claim 1 wherein the polypeptide is prepared by recombinant DNA 
expression. 

55 

3. An immunoassay according to claim 1 wherein the polypeptide is prepared by ch mical synthesis. 
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4. An immunoassay according to any one of claims 1 to 3 wherein said polypeptide is attached to a solid 
support. 

5. An immunoassay according to any one of claims 1 to 4 wherein said antibody-antigen complexes are 
s detected by incubating the complexes with a labeled anti-human immunoglobulin antibody. 

6. An immunoassay of claim 5 wherein said anti-human immunoglobulin antibody is enzyme labeled. 

7. An immunoassay according to any one of claims 1 to 6 wherein said polyprotein comprises an amino 
10 acid sequence having at least 60% homology to the 859 amino acid sequence in Figure 14. 

8. An immunoassay according to any one of claims 1 to 7 wherein the contiguous sequence is at least 10 
amino acids. 

75 9. An immunoassay according to any one of claims 1 to 8 wherein the contiguous sequence is at least 15 
amino acids. 

10. An immunoassay according to any one of claims 1 to 9 wherein the contiguous sequence is found in 
Figure 14. 

20 

11. An immunoassay according to any one of claims 1 to 9 wherein the contiguous sequence is found in 
Figure 47. 

12. An immunoassay according to any one of claims 1 to 9 wherein the contiguous sequence is as shown 
25 in any one of Figures 1, 3 to 32, 36 t 46 or 47, or whose sequence is encoded in a polynucleotide 

selectively hybridisable with the polynucleotide as shown in any one of Figures 1, 3 to 32, 36, 46 or 47. 

13. An immunoassay according to any one of claims 1 to 12 wherein said contiguous sequence is encoded 
within the Iambda-gt11 cDNA library deposited with the American Type Culture Collection (ATCC) 

30 under accession no. 40394. 

14. An immunoassay according to any one of claims 1 to 13 wherein said contiguous sequence is from a 
nonstructural viral protein. 

35 15. An immunoassay according to any one of claims 1 to 9 or 11 to 13 wherein said contiguous sequence 
is from a structural viral protein. 

16. A method of performing a polymerase chain reaction wherein the primers are a pair of polynucleotides, 
which polynucleotides are each a contiguous sequence of nucleotides which is capable of selectively 

40 hybridizing to the genome of hepatitis C virus (HCV) or the compliment thereof, wherein HCV is 
characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
45 amino acid sequence in Figure 14. 

17. A method according to claim 16 wherein said polyprotein comprises an amino acid sequence having at 
least 60% homology to the 859 amino acid sequence in Figure 14. 

so 18. A method according to claim 16 or 17 wherein said contiguous polynucleotide sequence is at least 10 
nucleotides. 

19. A method according to claim 18 wherein said contiguous polynucleotide sequence is at least 15 
nucleotides. 

55 

20. A method according to claim 19 wherein said contiguous polynucleotide sequence is at least 20 
nucleotides. 
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21. A method according to any one of claims 16 to 20 wherein the polynucleotide is a DNA polynucleotide. 

22. A method according to any one of claims 16 to 21 which further comprises the use of a polynucleotide 
probe capabl of selectively hybridising to a region of the HCV genome between and not including the 

s HCV sequences from which the primers are derived. 

23. A method for assaying a sample for the presence or absence of HCV polynucleotides comprising: 

(a) contacting the sample with a probe comprising a polynucleotide as defined in any one of claims 
16 to 21 under conditions that allow the selective hybridisation of said probe to an HCV poly- 

10 nucleotide or the compliment thereof in the sample; and 

(b) determining whether polynucleotide duplexes comprising said probe are formed. 

24. A method according to claim 23 wherein the probe is a RNA polynucleotide. 

75 25. A method according to claim 23 or 24 wherein the probe is fixed to a solid phase. 

26. A method according to any one of claims 23 to 25 wherein the probe further comprises a detectable 
label. 

20 27= A method of producing a recombinant HCV polypeptide comprising incubating a host cell transformed 
by a recombinant vector comprising a coding sequence of a DNA polynucleotide encoding a polypep- 
tide, which polypeptide comprises a contiguous sequence of at least 10 amino acids encoded by the 
genome of hepatitis C virus (HCV) and comprising an antigenic determinant, wherein HCV is character- 
ized by: 

25 (i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14, 

wherein the coding sequence is operably linked to a control sequence capable of providing for the 
30 expression of the coding sequence by the host cell under conditions that provide for the expression of 
the coding sequence. 

28. A method according to claim 27 wherein said polyprotein comprises an amino acid sequence having at 
least 60% homology to the 859 amino acid sequence in Figure 14. 

35 

29. A method according to claim 27 or 28 wherein said contiguous sequence encodes at least 15 amino 
acids. 

30. A method according to any one of claims 27 to 29 wherein said contiguous sequence is found in Figure 

40 14. 

31. A method according to any one of claims 27 to 29 wherein said contiguous sequence is found in Figure 
47. 

45 32. A method according to any one of claims 27 to 29 wherein said contiguous sequence is encoded within 
the Iambda-gt11 cDNA library deposited with the American Type Culture Collection (ATCC) under 
accession no. 40394. 

33. A method according to any one of claims 27 to 29 wherein the DNA polynucleotide sequence is as 
so shown in any one of Figures 1, 3 to 32, 36, 46 or 47, or whose sequence is selectively hybridisable 

with the polynucleotide as shown in any one of Figures 1 , 3 to 32, 36, 46 or 47. 

34. A method according to any one of claims 27 to 33 wherein said contiguous sequence is from a 
nonstructural viral protein. 

55 

35. A method according to any on of claims 27 to 29 or 31 to 33 wherein said contiguous sequence is 
from a structural viral protein. 
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36. A method comprising a mixing polypeptide in substantially isolated form prepared by the method of 
any one of claims 26 to 35 or a polypeptide of the same sequence pr pared by chemical synthesis 
with a pharmaceutical^ acceptable xcipient 

5 37. A method according to claim 36 for the preparation of a vaccin . 

38. A method according to claim 27 or 28 wherein said contiguous sequence is fused to a non-HCV amino 
acid sequence. 

to 39. A method according to claim 38 wherein said non-HCV amino acid sequence comprises a signal 
sequence. 

40. A method according to claim 38 wherein said non-HCV amino acid sequence comprises an amino acid 
sequence from beta-galactosidase or superoxide dismutase. 

75 

41. A method according to claim 38 wherein the non-HCV amino acid sequence comprises a particle- 
forming protein. 

42. A method according to claim 41 wherein the particle-forming protein comprises hepatitis B surface 
20 antigen. 

43. A method comprising mixing a polypeptide prepared by the method of any one of claims 38 to 42 with 
a pharmaceutical^ acceptable excipient. 

25 44. A method according to claim 43 for the preparation of a vaccine. 

45. An immunoassay method for detecting an HCV antigen in a sample comprising: 

(a) providing an anti-HCV antibody composition comprising antibodies that bind said antigenic 
determinant of a polypeptide as defined in any one of claims 1 to 4 or 7 to 15 which is (a) a purified 

30 preparation of polyclonal antibodies, or (b) a monoclonal antibody composition; 

(b) incubating a sample with said anti-HCV antibody composition under conditions that allow for the 
formation of an antibody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising the anti-HCV antibody is formed. 
35 46. A method according to claim 45 wherein the anti-HCV antibodies are fixed to a solid phase. 

47. A method of growing hepatitis C virus (HCV) comprising providing cells infected with HCV, and 
propagating said cells in vitro, wherein said HCV is characterized by: 

(i) a positive stranded RNA genome; 

40 (ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

48. A method according to claim 47 wherein said polyprotein comprises an amino acid sequence having at 
45 least 60% homology to the 859 amino acid sequence in Figure 14. 

49. A method according to claim 47 or 48 wherein said cells comprise primary cells. 

50. A method according to claim 47 or 48 wherein said cells comprise a cell line. 

so 

51. A method according to any one of claims 47 to 50 wherein said cells are hepatocytes or macrophages. 

52. A method of preparing a hepatitis C virus (HCV) immunoassay antigen, wherein HCV is characterized 
by: 

55 (i) a positive stranded RNA genome; 

(ii) said genome comprising an pen reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14; 
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said antigen comprising an antigenic determinant immunologically reactive with an anti-HCV antibody, 
wherein 

(a) said anti-HCV antibody is immunologically reactive with a reference antigenic determinant 0) 
encoded by an HCV cDNA insert in th Iambda-gt11 library d posited with the American Type 
Culture Collection (ATCC) under accession no. 40394, or (ii) found in Figure 47; and 

(b) said reference antigenic determinant is immunologically reactive with sera from HCV-infected 
humans; 

which comprises fixing said immunoassay antigen to a solid phase. 

53. A method according to claim 52 wherein said reference antigenic determinant is found in Figure 14. 

54. An immobilised polypeptide for use in the Immunoassay of any one of claims 1 to 15 wherein the 
polypeptide comprises an antigenic determinant bindable by an anti-HCV antibody as defined in claim 
1. 

55. A polypeptide in substantially isolated form comprising a contiguous sequence of at least 10 amino 
acids encoded by the genome of hepatitis C virus (HCV) and comprising an antigenic determinant, 
wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) sard genome comprising an open reading frame (ORF) encoding a poiyprotein; and 

(iii) said poiyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

56. A polypeptide according to claim 55 which is as defined in any one of claims 2 to 4 or 7 to 15. 

57. A polynucleotide in substantially isolated form comprising a contiguous sequence of nucleotides which 
is capable of selectively hybridizing to the genome of hepatitis C virus (HCV) or the compliment 
thereof, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a poiyprotein; and 

(iii) said poiyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

58. A polynucleotide according to claim 57 which is as defined in any one of claims 17 to 21 or 24 to 26. 

59. An assay kit comprising a polynucleotide probe according to claim 58 in a suitable container. 

60. A polymerase claim reaction kit comprising a pair of primers capable of priming the synthesis of cDNA 
in a PCR reaction, wherein each of said primers is a polynucleotide as defined in any one of claims 16 
to 21. 

61. A PCR kit according to claim 60 further comprising a polynucleotide probe capable of selectively 
hybridising to a region of the HCV genome between and not including the HCV sequences from which 
the primers are derived. 

62. A DNA polynucleotide encoding a polypeptide, which polypeptide comprises a contiguous sequence of 
at least 10 amino acids encoded by the genome of hepatitis C virus (HCV) and comprising an antigenic 
determinant, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a poiyprotein; and 

(iii) said poiyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14. 

63. A DNA polynucl otide according to claim 62 which is as defined in any one of claims 28 to 35. 

64. A recombinant vector comprising a coding s quence which comprises a DNA polynucleotide according 
to any one of claims 62 or 63. 
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65. A host cell transformed by a recombinant vector according to claim 64 wherein the coding sequence is 
operably linked to a control sequence capable of providing for the expression of the coding sequence 
by the host cell. 

5 66. An anti-HCV antibody composition comprising antibodies that bind said antigenic determinant of a 
polypeptide according to any one of claims 55 or 56 which is (a) a purified preparation of polyclonal 
antibodies, or (b) a monoclonal antibody composition. 

67. A composition according to claim 66 wherein the anti-HCV antibodies are fixed to a solid phase. 

70 

68. An immunoassay kit comprising an anti-HCV antibody composition according to claim 66 or 67 in a 
suitable container. 

69. A polypeptide comprising a contiguous sequence of at least 10 amino acids encoded by the genome of 
rs hepatitis C virus (HCV) and comprising an antigenic determinant, wherein said contiguous sequence is 

fused to a non-HCV amino acid sequence, and wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
20 amino acid sequence in Figure 14. 

70. A polypeptide according to claim 69 which is as defined in any one of claims 39 to 42. 

71. A hepatitis C virus (HCV) immunoassay antigen fixed to a solid phase, wherein HCV is characterized 
25 by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) said polyprotein comprising an amino acid sequence having at least 40% homology to the 859 
amino acid sequence in Figure 14; 

30 said antigen comprising an antigenic determinant immunologically reactive with an anti-HCV antibody, 
wherein 

(a) said anti-HCV antibody is immunologically reactive with a reference antigenic determinant (i) 
encoded by an HCV cDNA insert in the Iambda-gt11 library deposited with the American Type 
Culture Collection (ATCC) under accession no. 40394, or (ii) found in Figure 47; and 
35 (b) said reference antigenic determinant is immunologically reactive with sera from HCV-infected 

humans. 

72. An HCV antigen according to claim 71 wherein said reference antigenic determinant is found in Figure 
14. 

40 

PatentansprUche 

PatentansprUche fUr folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1. Polypeptid in im wesentlichen isolierter Form, umfassend eine Sequenz von mindestens 10 aufeinan- 
45 derfolgenden AminosMuren, die von dem Genom des Hepatitis C-Virus (HCV) codiert wird und eine 

antigene Determinante umfaBt, wobei HCV charakterisiert ist durch: 

(i) einen positiven Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosMuresequenz, die mindestens 40 % Homologie mit der 859 
so AminosMuren umfassenden Sequenz in Figur 14 aufweist. 

2. Polypeptid nach Anspruch 1 , wobei das Polyprotein eine AminosMuresequenz umfafit, die mindestens 
60 % Homotogie mit der 859 AminosMuren umfassenden Sequenz in Fig. 14 aufweist. 

55 3. Polypeptid nach Anspruch 1 odor 2, umfassend mindestens 15 AminosMuren. 

4. Polypeptid nach einem der vorangehenden AnsprOch , hergestellt durch Expression rekombinanter 
DNA. 
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5. Polypeptid nach einem der AnsprUche 1 bis 3. hergestellt durch chemische Synthase. 

6. Polypeptid nach inem der AnsprUche 1 bis 5, wobei die aufeinanderfolgende Sequenz in Fig. 14 
gezeigt ist. 

7. Polypeptid nach einem der AnsprUche 1 bis 5, wobei die aufeinanderfolgende Sequenz in Fig. 47 
gezeigt ist. 

8. Polypeptid nach einem der AnsprUche 1 bis 5, wobei die aufeinanderfolgende Sequenz innerhalb der 
lambda-gtH-cDNA-Genbank codiert ist, die bei der American Type Culture Collection (ATCC) unter der 
Hinterlegungs-Nummer 40394 hinterlegt ist. 

9. Polypeptid nach einem der AnsprUche 1 bis 8. wobei die aufeinanderfolgende Sequenz von einem 
nichtstrukturellen viralen Protein stammt. 

10. Polypeptid nach einem der AnsprUche 1 bis 5, 7 oder 8, wobei die aufeinanderfolgende Sequenz von 
einem strukturellen viralen Protein stammt. 

11. Polypeptid nach einem der AnsprUche 1 bis 8, dessen Sequenz in einer der Figuren 1, 3 bis 32, 36, 46 
und 47 gezeigt ist. oder dessen Sequenz von einem Polynucleotid codiert wird s das selektiv mit dem 
Polynucleotid gemSfl einer der Figuren 1, 3 bis 32, 36, 46 oder 47 hybridisierbar ist. 

12. Polypeptid nach einem der AnsprUche 1 bis 11, wobei das Polypeptid an eine feste Phase fixiert ist. 

13. Immunoassay-Kit, umfassend ein Polypeptid nach einem der AnsprUche 1 bis 12 in einem geeigneten 
BehSlter. 

14. Zusammensetzung, umfassend ein Polypeptid in im wesentlichen isolierter Form nach einem der 
AnsprUche 1 bis 1 1 im Gemisch mit einem pharmazeutisch vertrSglichen Excipienten. 

15. Impfstoffzusammensetzung nach Anspruch 14. 

16. Immunoassay zum Nachweis eines Antikdrpers gegen Hepatitis C- Virus (HCV) (anti-HCV-Antik&rper), 
wobei der Immunoassay folgende Schritte umfafit: 

(a) Bereitstellung eines Polypeptids, umfassend eine antigene Determinante, an die der anti-HCV- 
AntikSrper bindet, wobei die antigene Determinante eine aufeinanderfolgende AminosSuresequenz 
umfafit, die von dem HCV-Genom codiert wird, und wobei HCV folgendermafien charakterisiert ist: 

(i) ein positiver Strang des RIMA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosSuresequenz, die mindestens 40 % Homologie mit der 
859 AminosMuren umfassenden Sequenz in Fig. 14 aufweist, 

(b) Inkubation einer biologischen Probe mit dem Polypeptid unter Bedingungen, die die Ausbildung 
des Antikdrper-Antigen-Komplexes erlauben; und 

(c) Bestimmung, ob der das Polypeptid umfassende Antikdrper-Antigen-Komplex ausgebildet wurde. 

17. Immunoassay nach Anspruch 16, wobei das Polypeptid durch Expression rekombinanter DNA herge- 
stellt wurde. 

18. Immunoassay nach Anspruch 16, wobei das Polypeptid durch chemische Synthase hergestellt wurde. 

19. Immunoassay nach einem der AnsprUche 16 bis 18, wobei das Polypeptid an einen festen TrSger 
geknUpft ist. 

20. Immunoassay nach inem der AnsprUche 16 bis 19, wobei di AntikCrper-Antig n-Komplexe durch 
Inkubation der Komplexe mit einem markierten Antikfirper gegen menschliches Immunglobulin nachge- 
wiesen werden. 
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21. Immunoassay nach Anspruch 20, wobei der Antikdrper gegen menschliches Immunglobulin enzymmar- 
kiert ist. 

22. Immunoassay nach inem der AnsprUche 16 bis 21, wobei das Polyprotein ine AminosSuresequenz 
5 umfafit, die mindestens 60 % Homologie mil der 859 AminosSuren umfassenden S quenz in Rg. 14 

aufweist. 

23. Immunoassay nach einem der AnsprUche 16 bis 22, wobei die Sequenz mindestens 10 aufeinanderfol- 
gende AminosSuren umfafit. 

70 

24. Immunoassay nach einem der AnsprUche 16 bis 23 t wobei die Sequenz mindestens 15 aufeinanderfol- 
gende AminosSuren umfafit. 

25. Immunoassay nach einem der AnsprUche 16 bis 24, wobei die aufeinanderfolgende Sequenz in Rg. 14 
75 gezeigt ist. 

26. Immunoassay nach einem der AnsprUche 16 bis 24, wobei die aufeinanderfolgende Sequenz in Rg. 47 
gezeigt ist. 

on 27. Immunoassay nach einem der AnsprUche 16 bis 24, wobei die aufeinanderfolgende Sequenz eine 
Sequenz ist, wie sie in einer der Rguren 1, 3 bis 32, 36, 46 Oder 47 gezeigt ist, Oder deren Sequenz 
von einem Polynucleotid codiert wird, das selektiv mit dem Polynucleotid hybridisierbar ist, wie es in 
einer der Rguren 1 , 3 bis 32, 36, 46 Oder 47 gezeigt ist. 

25 28. Immunoassay nach einem der AnsprUche 16 bis 27, wobei die aufeinanderfolgende Sequenz innerhalb 
der lambda-gt11-cDNA-Genbank codiert ist, die bei der American Type Culture Collection (ATCC) unter 
der Hinterlegungs-Nr. 40394 hinterlegt ist. 

29. Immunoassay nach einem der AnsprUche 16 bis 28, wobei die aufeinanderfolgende Sequenz von 
30 einem nichtstrutcturellen viralen Protein stammt. 

30. Immunoassay nach einem der AnsprUche 16 bis 24 oder 26 bis 28, wobei die aufeinanderfolgende 
Sequenz von einem strukturellen viralen Protein stammt. 

35 31. Immobilisiertes Polypeptid zur Verwendung in einem Immunoassay nach einem der AnsprUche 16 bis 
30, wobei das Polypeptid eine antigene Determinante umfafit, die durch einen anti-HCV-Antik6rper 
gemSB der Definition in Anspruch 16 gebunden wird. 

32. Polynucleotid in im wesentlichen isolierter Form, umfassend eine Sequenz von aufeinanderfolgenden 
40 Nucleotides die zur selektiven Hybridisierung mit dem Genom von Hepatitis C-Virus (HCV) oder dem 

Komplement davon fShig ist, wobei HCV folgendermafien charakterisiert ist: 
Q) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
45 AminosMuren umfassenden Sequenz in Rg. 14 aufweist. 

33. Polynucleotid nach Anspruch 32, wobei das Polyprotein eine AminosSuresequenz umfafit, die minde- 
stens 60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Rg. 14 aufweist. 

so 34. Polynucleotid nach Anspruch 32 oder 33, wobei die Sequenz mindestens 10 aufeinanderfolgende 
Nucleotide umfafit. 

35. Polynucleotid nach Anspruch 34, wobei die Sequenz mindestens 15 aufeinanderfolgende Nucleotide 
umfafit. 

65 

36. Polynucleotid nach Anspruch 35, wobei die Sequenz mindestens 20 aufeinanderfolgende Nucleotide 
umfafit 
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37. Polynucleotid nach einem der AnsprUche 32 bis 36. das ein DNA-Polynucleotid ist. 

38. Polynucleotid nach einem der AnsprUche 32 bis 36, das ein RNA-Polynucleotid ist. 

5 39. Polynucleotid nach einem der AnsprUche 32 bis 38, welches an eine teste Phase fixiert ist. 

40. Sonde, umfassend ein Polynucleotid nach einem der AnsprUche 32 bis 39, weitertiin einen nachweisba- 
ren Marker umfassend. 

ro 41. Testkit, umfassend eine Polynucleotidsonde nach einem der AnsprUche 32 bis 40 in einem geeigneten 
BehStter. 

42. Polymerasekettenreaktions (PCR)-Kit, umfassend ein Paar von Primern, die zum Primen der Synthese 
von cDNA in einer PCR-Reaktion fahig sind, wobei jeder der Primer ein Polynucleotid nach einem der 

75 AnsprUche 32 bis 37 ist. 

43. PCR-Kit nach Anspruch 42, weiterhin eine Polynucleotidsonde umfassend, die zur selektiven Hybridis- 
ierung mit einem Bereich des HCV-Genoms fShig ist, das zwischen den HCV-Sequenzen liegt, von 
denen die Primer stammen, und diese nicht umfafit. 

20 

44. Verfahren zur DurchfUhrung einer Polymerasekettenreaktion, wobei die Primer ein Paar von Polynucleo- 
tiden nach einem der AnsprUche 32 bis 37 sind. 

45. Verfahren zum Testen einer Probe auf die Gegenwart oder Abwesenheit von HCV-Polynucleotiden, 
25 umfassend: 

(a) Inkontaktbringen der Probe mit einer Sonde, die ein Polynucleotid nach einem der AnsprUche 32 
bis 40 umfafit, unter Bedingungen, die die selektive Hybridisierung der Sonde mit einem HCV- 
Polynucleotid oder dem Komplement davon in der Probe ermSglichen; und 

(b) Bestimmung, ob Polynucleotidduplexe gebildet wurden, die die Sonde umfassen. 

30 

46. DNA-Polynucleotid, das ein Polypeptid codiert, wobei das Polypeptid eine Sequenz von mindestens 10 
aufeinanderfolgenden AminosSuren umfaBt, die von dem Genom von Hepatitis OVirus (HCV) codiert 
wird und eine antigene Determinante umfaBt, wobei HCV folgendermaflen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 
35 (ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist 

47. DNA-Polynucleotid nach Anspruch 46, wobei das Polyprotein eine AminosSuresequenz umfaBt die 
40 mindestens 60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

48. DNA-Polynucleotid nach Anspruch 46 oder 47, wobei die Sequenz mindestens 15 aufeinanderfolgende 
AminosSuren codiert. 



45 49. DNA-Polynucleotid nach einem der AnsprUche 46 bis 48, wobei die aufeinanderfolgende Sequenz in 
Fig. 14 gezeigt ist. 

50. DNA-Polynucleotid nach einem der AnsprUche 46 bis 48, wobei die aufeinanderfolgende Sequenz in 
Fig. 47 gezeigt ist. 

50 

51. DNA-Polynucleotid nach einem der AnsprUche 46 bis 48, wobei die aufeinanderfolgende Sequenz 
innertialb der lambda-gt11-cDNA-Genbank codiert ist, die bei der American Type Culture Collection 
(ATCC) unter der Hinterlegungsnummer 40394 hinteiiegt ist. 

55 52. DNA-Polynucleotid nach einem der AnsprUche 46 bis 48, dessen Sequenz in einer der Figuren 1, 3 bis 
32, 36, 46 oder 47 gezeigt ist oder dessen Sequenz selektiv mit dem Polynucleotid hybridisierbar ist, 
das in einer der Figur n 1 , 3 bis 32, 36, 46 oder 47 gezeigt ist. 
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53. DNA-Polynucleotid nach einem der AnsprQche 46 bis 52, wobei die aufeinanderfolgende Sequenz von 
einem nichtstrukturellen viraJen Protein stammt. 

54. DNA-Polynucleotid nach in m der AnsprQche 46 bis 48 oder 50 bis 52, wobei die aufeinanderfolgende 
Sequenz von einem strukturellen viralen Protein stammt. 

55. Rekombinanter Vektor, umfassend eine codierende Sequenz, die ein DNA-Polynucleotid nach einem 
der AnsprQche 46 bis 54 umfaSt. 

56. Wirtszelle, transformiert mit einem rekombinanten Vektor nach Anspruch 55, wobei die codierende 
Sequenz funktionell mit einer Kontrollsequenz verknUpft ist, die die Expression der codierenden 
Sequenz durch die Wirtszelle erm&glicht 

57. Verfahren zur Herstellung eines rekombinanten HCV-Polypeptids, umfassend die Inkubation einer 
Wirtszelle nach Anspruch 56 unter Bedingungen, die zur Expression der codierenden Sequenz fUhren. 

58. Anti-HCV-Antik6rper-Zusammensetzung, umfassend AntikSrper, die die antigene Determinante eines 
Polypeptids nach einem der AnsprQche 1 bis 12 binden, die (a) ein gereinigtes PrSparat von 
polyclonalen AntikSrpern oder (b) eine Zusammensetzung aus monoclonalen AntikSrpern ist. 

69. Zusammensetzung nach Anspruch 58, wobei die anti-HCV-Antik5rper an eine feste Phase fixiert sind. 

60. Immunoassay-Kit, umfassend eine anti-HCV-Antikdrper-Zusammensetzung nach Anspruch 58 oder 59 
in einem geeigneten Beh&lter. 

61. Immunoassay-Verfahren zum Nachweis eines HCV-Antigens in einer Probe, umfassend: 

(a) Berettstellung einer anti-HCV-Antikdrper-Zusammensetzung nach Anspruch 58 oder 59; 

(b) Inkubation einer Probe mit der anti-HCV-Antikorper-Zusammensetzung unter Bedingungen, die 
die Ausbildung eines Antikdrper-Antigen-Komplexes erlauben; und 

(c) Bestimmung, ob ein den anti-HCV-Antik6rper umfassender Antikorper-Antigen-Komplex ausgebil- 
det wurde. 

62. Polypeptid, umfassend eine Sequenz von mindestens 10 aufeinanderfolgenden AminosSuren, die durch 
das Genom von Hepatitis C-Virus (HCV) codiert wird und eine antigene Determinante umfaBt, wobei die 
aufeinanderfolgende Sequenz mit einer nicht-HCV-Aminos£uresequenz fusioniert ist, und wobei HCV 
folgendermaBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine Aminos&uresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

63. Polypeptid nach Anspruch 62, wobei das Polyprotein eine AminosSuresequenz umfaBt, die mindestens 
60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

64. Polypeptid nach Anspruch 62 oder 63, wobei die nicht-HCV-AminosSuresequenz eine Signalsequenz 
umfaBt. 

65. Polypeptid nach Anspruch 62 oder 63, wobei die nicht-HCV-Aminos£uresequenz eine AminosSurese- 
quenz von /3-Galactosidase oder Superoxiddismutase umfaBt. 

66. Polypeptid nach Anspruch 62 oder 63, wobei die nicht-HCV-AminosSuresequenz ein teilchenbitdendes 
Protein umfaBt. 

67. Polypeptid nach Anspruch 66, wobei das teilchenbildende Protein H patitis B-OberflSchenantig n 
umfaBt 

68. Polypeptid nach einem der AnsprQche 1 bis 12 oder 62 bis 67 zur Verwendung in inem Verfahren zur 
Herstellung von anti-HCV-AntikSrpern, umfassend die Verabreichung des Polypeptids an einen SSuger 
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in einer Menge. die zur Erzeugung iner tmmunantwort ausreieht. 

69. Zusammensetzung, umfassend ein Polypeptid nach einem der Ansprtlche 62 bis 67 im Gemisch mit 
einem pharmazeutisch v rtrSglichen Excipient n. 

70. Impfstoff nach Anspruch 69. 

71. Verfahren zur ZOchtung von Hepatitis C- Virus (HCV), umfassend die Bereitstellung von mit HCV 
infizierten Zellen und Vermehrung dieser Zellen in vitro, wobei HCV folgendermafien charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms, 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Potyprotein codiert; und 

(iii) das Potyprotein umfafit elne Aminosduresequenz, die mlndestens 40 % Homologie mtt der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist 

72. Verfahren nach Anspruch 71, wobei das Polyprotein eine AminosSuresequenz umfafit, die mindestens 
60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

73. Verfahren nach Anspruch 71 oder 72, wobei die Zellen primSre Zellen umfassen. 

74. Verfahren nach Anspruch 71 oder 72. wobei dieZellen eine ZelHnie umfassen, 

75. Verfahren nach einem der AnsprUche 71 bis 74, wobei die Zellen Hepatocyten oder Macrophagen sind. 

76. Hepatitis C-Virus (HCVHmmunoassay-Antigen. fixiert an eine feste Phase, wobei HCV folgendermafien 
charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosMuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist; 

wobei das Antigen eine antigene Determinante umfafit, die immunologisch reaktiv mit einem anti-HCV- 
Antikdrper ist, wobei 

(a) der anti-HCV-Antikorper immunologisch reaktiv mit einer als Bezug dienenden antigenen Deter- 
minante ist, die (i) von einer HCV-cDNA-lnsertion in der lambda-gt11-Genbank codiert wird, welche 
bei der American Type Culture Collection (ATCC) unter der Hintertegungs-Nr. 40394 hinteriegt ist, 
oder (ii) in Rgur 47 gezeigt ist; und 

(b) die als Bezug dienende antigene Determinante immunologisch reaktiv mit Seren von HCV- 
infizierten Menschen ist. 

77. HCV-Antigen nach Anspruch 76, wobei die als Bezug dienende antigene Determinante in Fig. 14 
gezeigt ist. 

Patentansprdche fUr folgenden Vertragsstaat : ES 

1. Immunoassay zum Nachweis eines AntikSrpers gegen Hepatitis C-Virus (HCV) (anti-HCV-Antik6rper), 
wobei der Immunoassay folgende Schritte umfafit: 

(a) Bereitstellung eines Polypeptids, umfassend eine antigene Determinante, an die der anti-HCV- 
Antikdrper bindet, wobei die antigene Determinante eine aufeinanderfolgende AminosMuresequenz 
umfafit, die von dem HCV-Genom codiert wird, und wobei HCV folgendermafien charakterisiert ist 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosSuresequenz, die mindestens 40 % Homologie mit der 
859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist, 

(b) Inkubation einer biologischen Probe mit dem Polypeptid unter Bedingung n, die die Ausbildung 
des Antikttrper-Antigen-Komplex s erlauben; und 

(c) Bestimmung, ob der das P lypeptid umfassende AntikSrper-Antigen-Komplex ausgebildet wurde. 

2. Immunoassay nach Anspruch 1 , wobei das Polypeptid durch Expression rek mbinanter DNA hergestellt 
wurde. 
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3. Immunoassay nach Anspruch 1 , wobei das Polypeptid durch chemische Synthese hergestellt wurde. 

4. Immunoassay nach einem der AnsprUche 1 bis 3, wobei das Polypeptid an inen festen TrSger 
geknUpft ist. 

5. Immunoassay nach einem der AnsprUche 1 bis 4, wobei die Antikorper-Antigen-Komplexe durch 
Inkubation der Komptexe mit einem markierten AntikGrper gegen menschliches Immunglobulin nachge- 
wiesen werden. 

6. Immunoassay nach Anspruch 5, wobei der Antik6rper gegen menschliches Immunglobulin enzymmar- 
kiert ist. 

7. Immunoassay nach einem der AnsprUche 1 bis 6, wobei das Polyprotein eine AminosSuresequenz 
umfafit, die mindestens 60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 
aufweist. 

8. Immunoassay nach einem der AnsprUche 1 bis 7, wobei die Sequenz mindestens 10 aufeinanderfol- 
gende Aminosauren umfafit. 

9. Immuno assa y nach einem der AnsprUche 1 bis 8 ; wobei die Sequenz mindestens 15 aufeinanderfol- 
gende AminosSuren umfafit. 

10. Immunoassay nach einem der AnsprUche 1 bis 9, wobei die aufeinanderfolgende Sequenz in Fig. 14 
gezeigt ist. 

11. Immunoassay nach einem der AnsprUche 1 bis 9, wobei die aufeinanderfolgende Sequenz in Fig. 47 
gezeigt ist. 

12. Immunoassay nach einem der AnsprUche 1 bis 9, wobei die aufeinanderfolgende Sequenz eine 
Sequenz ist, wie sie in einer der Figuren 1, 3 bis 32, 36, 46 oder 47 gezeigt ist, Oder deren Sequenz 
von einem Poiynucteotid codiert wird, das selektiv mit dem Polynucleotid hybridisierbar ist, wie es in 
einer der Figuren 1 , 3 bis 32, 36, 46 Oder 47 gezeigt ist. 

13. Immunoassay nach einem der AnsprUche 1 bis 12, wobei die aufeinanderfolgende Sequenz innerhalb 
der lambda-gt11-cDNA-Genbank codiert ist, die bei der American Type Culture Collection (ATCC) unter 
der Hintertegungs-Nr. 40394 hinteiiegt ist. 

14. Immunoassay nach einem der AnsprUche 1 bis 13, wobei die aufeinanderfolgende Sequenz von einem 
nichtstrukturellen viralen Protein stammi 

15. Immunoassay nach einem der AnsprUche 1 bis 9 Oder 11 bis 13, wobei die aufeinanderfolgende 
Sequenz von einem strukturellen viralen Protein stammt. 

16. Verfahren zur DurchfUhrung einer Polymerasekettenreaktion, wobei die Primer ein Paar von Polynucleo- 
tiden sind, wobei die Polynucleotide jeweils eine Sequenz von aufeinanderfolgenden Nucleotiden 
umfassen, die zur selektiven Hybridisierung mit dem Genom von Hepatitis OVirus (HCV) oder dem 
Komplement davon fShig ist, wobei HCV folgendermafien charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF). welches ein Polyprotein codiert; und 

<iii) das Polyprotein umfafit eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

17. Verfahren nach Anspruch 16, wobei das Polyprotein eine AminosSur sequenz umfafit, die mindestens 
60 % Homologie mit der 859 AminosSuren umfass nden Sequ nz in Fig. 14 aufw ist 

18. Verfahren nach Anspruch 16 oder 17, wobei die Polynucleotidsequenz mindestens 10 aufeinanderfol- 
gende Nucleotide umfafit. 
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19. Verfahren nach Anspruch 18. wobei die Polynucleotidsequenz mindestens 15 aufeinanderfolgende 
Nucleotide umfaBt. 

20. Verfahren nach Anspruch 19, wobei die Polynucleotidsequenz mindestens 20 aufeinanderfolgende 
s Nucleotide umfaBt. 

21. Verfahren nach einem der AnsprUche 16 bis 20, wobei das Polynucleotid ein DNA-Polynucleotid ist. 

22. Verfahren nach einem der AnsprOche 16 bis 21, weiterhin umfassend die Verwendung einer Polynu- 
w cleotidsonde, die zur selektiven Hybridisierung mit einem Bereich des HCV-Genoms fShig ist, das 

zwischen den HCV-Sequenzen liegt, von denen die Primer stammen, und diese nicht umfaBt. 

Verfahren zum Testen einer Probe auf die Gegenwart oder Abwesenheit von HCV-Polynucleotiden, 
umfassend: 

(a) Inkontaktbringen der Probe mit einer Sonde, die ein Polynucleotid gemSfi der Definition in einem 
der AnsprUche 16 bis 21 umfaBt, unter Bedingungen, die die selektive Hybridisierung der Sonde mit 
einem HCV-Polynucleotid oder dem Reimplement davon in der Probe ermfiglichen; und 

(b) Bestimmung, ob Polynucleotidduplexe gebildet wurden. die die Sonde umfassen. 

20 24. Verfahren nach Anspruch 23, wobei die Sonde ein RNArPolynucleotid ist. 

25. Verfahren nach Anspruch 23 oder 24, wobei die Sonde an eine teste Phase fixiert ist. 

26. Verfahren nach einem der AnsprUche 23 bis 25, wobei die Sonde weiterhin einen nachweisbaren 
25 Marker umfafit. 

27. Verfahren zur Herstellung eines rekombinanten HCV-Polypeptids, umfassend die Inkubation einer mit 
einem rekombinierten Vektor transformierten Wirtszelle, wobei der Vektor eine codierende Sequenz 
eines DNA-Polynucleotids, das ein Polypeptid codiert, umfaBt, wobei das Polypeptid eine Sequenz von 

30 mindestens 10 aufeinanderfolgenden AminosSuren umfaBt, die von dem Genom von Hepatitis C-Virus 
(HCV) codiert wird und eine antigene Determinante umfaBt, wobei HCV folgendermaBen charakterisiert 
ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

35 (i'i) das Polyprotein umfafit eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 

AminosSuren umfassenden Sequenz in Fig. 14 aufweist, 
wobei die codierende Sequenz funktionell mit einer Kontrollsequenz verknUpft ist, die die Expression 
der codierenden Sequenz durch die Wirtszelle unter Bedingungen ermSglicht, die zur Expression der 
codierenden Sequenz fUhren. 

40 

28. Verfahren nach Anspruch 27, wobei das Polyprotein eine AminosSuresequenz umfafit, die mindestens 
60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

29. Verfahren nach Anspruch 27 oder 28, wobei die Sequenz mindestens 15 aufeinanderfolgende Amino- 
45 sSuren codiert. 

30. Verfahren nach einem der AnsprUche 27 bis 29, wobei die aufeinanderfolgende Sequenz in Fig. 14 
gezeigt ist. 

so 31. Verfahren nach einem der AnsprUche 27 bis 29, wobei die aufeinanderfolgende Sequenz in Fig. 47 
gezeigt ist. 

32. Verfahren nach einem der AnsprUche 27 bis 29, wobei die aufeinanderfolgende Sequenz innerhalb der 
lambda-gt11«cDNA-Genbank codiert ist, die bei der American Type Cultur Coll ction (ATCC) unter der 

55 Hinterlegungsnummer 40394 hint rlegt ist 

33. Verfahren nach einem der AnsprUch 27 bis 29, wobei die DNA-Polynucleotidsequenz wie in einer der 
Figuren 1, 3 bis 32, 36, 46 oder 47 gezeigt ist, oder deren Sequenz selektiv mit dem Polynucleotid 
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hybridisierbar ist. das in einer der Figuren 1, 3 bis 32, 36, 46 Oder 47 gezeigt ist. 

34. Verfahren nach einem der Ansprtlche 27 bis 33, wobei di aufeinanderfolgende Sequenz von einem 
nichtstrukturellen viralen Protein stammt. 

5 

35. DNA-Polynucleotid nach einem der AnsprUche 27 bis 29 Oder 31 bis 33, wobei die aufeinanderfolgende 
Sequenz von einem strukturellen viralen Protein stammt. 

36. Verfahren, umfassend das Mischen eines Polypeptids in im wesentlichen isolierter Form, hergestellt 
10 gemSB dem Verfahren nach einem der AnsprQche 26 bis 35. odor ein Potypeptid mit der gleichen 

Sequenz, das durch chemische Synthese hergestellt wurde, mit einem pharmazeutisch vertrSglichen 
Excipienten. 

37. Verfahren nach Anspruch 36 fUr die Herstellung eines Impfstoffs. 

75 

38. Verfahren nach Anspruch 27 oder 28, wobei die aufeinanderfolgende Sequenz mit einer nicht-HCV- 
Aminosduresequenz fusioniert ist. 

39. Verfahren nach Anspruch 38, wobei die nicht-HCV-AminosSuresequenz eine Signalsequenz umfaBt. 

20 

40. Verfahren nach Anspruch 38, wobei die nicht-HCV-AminosSuresequenz eine Aminosduresequenz von 
0-Galactosidase oder Superoxiddismutase umfaBt. 

41. Verfahren nach Anspruch 38, wobei die nicht-HCV-Aminos&uresequenz ein teilchenbildendes Protein 
25 umfaBt. 

42. Verfahren nach Anspruch 41, wobei das teilchenbildende Protein Hepatitis B-OberflMchenantigen 
umfaBt. 

30 43. Verfahren, umfassend das Mischen eines Polypeptids, hergestellt gemMB dem Verfahren nach einem 
der AnsprUche 38 bis 42, mit einem pharmazeutisch vertrSglichen Excipienten. 

44. Verfahren nach Anspruch 43 fUr die Herstellung eines Impfstoffs. 

45. Immunoassay-Verfahren zum Nachweis eines HCV-Antigens in einer Probe, umfassend: 
(a) Bereitstellung einer Anti-HCV-Antikorper-Zusammensetzung, umfassend Antik5rper, die die anti- 
gene Determinante eines Polypeptids nach einem der AnsprUche 1 bis 4 oder 7 bis 15 binden, die 

(a) ein gereinigtes PrSparat von polyclonalen Antiktfrpern oder (b) eine Zusammensetzung aus 
monoclonalen AntikQrpem ist; 

(b) Inkubation einer Probe mit der anti-HCV-Antikdrper-Zusammensetzung unter Bedingungen, die 
die Ausbildung eines Antikdrper-Antigen-Komplexes erlauben; und 

(c) Bestimmung, ob ein den anti-HCV-Antik5rper umfassender Antikdrper-Antigen-Komplex ausgebil- 
det wurde. 

45 46. Verfahren nach Anspruch 45, wobei die anti-HCV-Antik6rper an eine feste Phase fixiert sind. 

47. Verfahren zur ZUchtung von Hepatitis C-Virus (HCV). umfassend die Bereitstellung von mit HCV 
infizierten Zellen und Vermehrung dieser Zellen in vitro, wobei HCV folgendermaBen charakterisiert ist: 

(i) Gin positiver Strang des RNA-Genoms, 
so . (ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist 

48. Verfahren nach Anspruch 47, wobei das Polyprot in ein Aminosdur s quenz umfaBt, die mind stens 
65 60 % Homologie mit der 859 Aminos&uren umfassenden Sequenz In Fig. 14 aufweist 

49. Verfahren nach Anspruch 47 oder 48, wobei die Z II n primSre Zellen umfassen. 
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50. Verfahren nach Anspruch 47 Oder 48. wobei die Zellen eine Zellinie umfassen. 

51. Verfahren nach einem der Ansprtlch 47 bis 50, wobei die Zellen Hepatocyten Oder Macrophagen sind. 

52. Verfahren zur Herstellung eines Hepatitis C-Virus (HCVHmmunoassay-Antigens, wobei HCV folgender- 
maBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist; 

wobei das Antigen eine antigene Determinante umfaBt, die immunologisch reaktiv mit einem anti-HCV- 
Antiktfrper 1st, wobei 

(a) der anti-HCV-Antikorper immunologisch reaktiv mit einer als Bezug dienenden antigenen Deter- 
minante ist die (i) von einer HCV-cDNA-lnsertion in der lambda-gt11-Genbank codiert wird. welche 
bei der American Type Culture Collection (ATCC) unter der Hinterlegungs-Nr. 40394 hinterlegt ist, 
Oder (ii) in Figur 47 gezeigt ist; und 

(b) die als Bezug dienende antigene Determinante immunologisch reaktiv mit Seren von HCV- 
infizierten Menschen ist; 

umfassend die Fixierung des Immunoassay-Antigens an eine teste Phase. 

5a Verfahren nach Anspruch 52, wobei die als Bezug dienende antigene Determinants in Fig. 14 gezeigt 
ist. 

PatentansprUche fUr folgenden Vertragsstaat : GR 

1. Immunoassay zum IMachweis eines AntikSrpers gegen Hepatitis C-Virus (HCV) (anti-HCV-Antikdrper), 
wobei der Immunoassay folgende Schritte umfaBt: 

(a) Berertstellung eines Polypeptids, umfassend eine antigene Determinante, an die der anti-HCV- 
AntikSrper bindet. wobei die antigene Determinante eine aufeinanderfolgende Aminos£uresequenz 
umfaBt, die von dem HCV-Genom codiert wird, und wobei HCV folgendermaBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine Aminos&uresequenz, die mindestens 40 % Homologie mit der 
859 Aminosduren umfassenden Sequenz in Fig. 14 aufweist, 

(b) Inkubation einer biologischen Probe mit dem Potypeptid unter Bedingungen, die die Ausbildung 
des Antik5rper-Antigen-Komplexes erlauben; und 

(c) Bestimmung, ob der das Polypeptid umfassende Antikdrper-Antigen-Komplex ausgebildet wurde. 

2. Immunoassay nach Anspruch 1 , wobei das Polypeptid durch Expression rekombinanter DNA hergestellt 
wurde. 

3. Immunoassay nach Anspruch 1, wobei das Polypeptid durch chemische Synthese hergestellt wurde. 

4. Immunoassay nach einem der AnsprOche 1 bis 3, wobei das Polypeptid an einen festen TrSger 
geknUpft ist. 

5. Immunoassay nach einem der AnsprOche 1 bis 4, wobei die AntikSrper-Antigen-Komplexe durch 
Inkubation der Komplexe mit einem markierten Antikdrper gegen menschliches Immunglobulin nachge- 
wiesen werden. 

6. Immunoassay nach Anspruch 5, wobei der Antik5rper gegen menschliches Immunglobulin enzymmar- 
kiert ist. 

7. Immunoassay nach ein m der AnsprOch 1 bis 6, wobei das Polyprotein eine AminosSuresequenz 
umfaBt, die mindestens 60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 
aufweist. 
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a Immunoassay nach einem der AnsprOche 1 bis 7. wobei die Sequenz mindestens 10 aufeinanderfol- 
gende Aminos&uren umfaBt. 

9. Immunoassay nach einem der AnsprOche 1 bis 8, wobei die Sequenz mindestens 15 aufeinanderfol- 
6 gende AminosSuren umfaSt. 

10. Immunoassay nach einem der AnsprOche 1 bis 9, wobei die aufeinanderfolgende Sequenz in Fig. 14 
gezeigt ist. 

io 11. Immunoassay nach einem der AnsprOche 1 bis 9, wobei die aufeinanderfolgende Sequenz in Fig. 47 
gezeigt ist. 

12. Immunoassay nach einem der AnsprOche 1 bis 9, wobei die aufeinanderfolgende Sequenz eine 
Sequenz ist. wie sie in einer der Figuren 1, 3 bis 32, 36, 46 Oder 47 gezeigt ist, Oder deren Sequenz 

75 von einem Polynucleotid codiert wird, das selektiv mit dem Polynucleotid hybridisierbar ist, wie es in 
einer der Figuren 1, 3 bis 32, 36, 46 Oder 47 gezeigt ist. 

13. Immunoassay nach einem der AnsprOche 1 bis 12, wobei die aufeinanderfolgende Sequenz innerhalb 
der lambda-gt11-cDNA-Genbank codiert ist, die bei der American Type Culture Collection (ATCC) unter 

20 der Hinterlegungs-Nr. 40394 hintertegt ist. 

14. Immunoassay nach einem der AnsprOche 1 bis 13, wobei die aufeinanderfolgende Sequenz von einem 
nichtstrukturellen viralen Protein stammt. 

25 15. Immunoassay nach einem der AnsprOche 1 bis 9 oder 11 bis 13, wobei die aufeinanderfolgende 
Sequenz von einem strukturellen viralen Protein stammt 

16. Verfahren zur DurchfOhrung einer Polymerasekettenreaktion, wobei die Primer ein Paar von Polynucleo- 
tiden sind, wobei die Polynucleotide jeweils eine Sequenz von aufeinanderfolgenden Nucleotiden 

30 umfassen, die zur selektiven Hybridisierung mit dem Genom von Hepatitis C-Virus (HCV) oder dem 
Komplement davon fahig ist wobei HCV folgendermaBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
35 AminosSuren umfassenden Sequenz in Fig. 14 aufweist 

17. Verfahren nach Anspruch 16, wobei das Polyprotein eine AminosSuresequenz umfaBt, die mindestens 
60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist 

40 18. Verfahren nach Anspruch 16 oder 17, wobei die Polynucleotidsequenz mindestens 10 aufeinanderfol- 
gende Nucleotide umfaBt. 

19. Verfahren nach Anspruch 18, wobei die Polynucleotidsequenz mindestens 15 aufeinanderfolgende 
Nucleotide umfaBt. 

45 

20. Verfahren nach Anspruch 19, wobei die Polynucleotidsequenz mindestens 20 aufeinanderfolgende 
Nucleotide umfaBt. 

21. Verfahren nach einem der AnsprOche 16 bis 20, wobei das Polynucleotid ein DNA-Polynucleotid ist. 

50 

22. Verfahren nach einem der AnsprOche 16 bis 21, weiterhin umfassend die Verwendung einer Polynu- 
cleotidsonde, die zur selektiven Hybridisierung mit einem Bereich des HCV-Genoms fShig ist, das 
zwischen den HCV-Sequenzen liegt, von denen die Primer stammen, und diese nicht umfaBt 

55 23. Verfahren zum Testen einer Probe auf die Gegenwart Oder Abwesenheit von HCV-Potynucleotiden, 
umfassend: 

(a) Inkontaktbringen der Probe mit einer Sonde, die ein Polynucleotid gemSB der Definition in einem 
der AnsprOche 16 bis 21 umfaBt unter Bedingungen, die die selektive Hybridisierung der Sonde mit 
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einem HCV-Polynucleotid Oder dem Komplement davon in der Probe ermSglichen; und 
(b) Bestimmung, ob Polynucleotidduplexe gebildet wurden, di die Sonde umfassen. 

24. Verfahren nach Anspruch 23, wobei die Sonde ein RNA-Polynucleotid ist. 

5 

25. Verfahren nach Anspruch 23 Oder 24, wobei die Sonde an eine teste Phase fixiert ist. 

26. Verfahren nach einem der AnsprUche 23 bis 25, wobei die Sonde weiterhin einen nachweisbaren 
Marker umfaBt. 

10 

27. Verfahren zur Herstellung eines rekombinanten HCV-Polypeptids, umfassend die Inkubation einer mit 
einem rekombinierten Vektor transformierten Wirtszelle, wobei der Vektor eine codierende Sequenz 
eines DNA-Polynucleotids, das ein Polypeptid codiert, umfaBt, wobei das Polypeptid eine Sequenz von 
mindestens 10 aufeinanderfolgenden AminosSuren umfaBt die von dem Genom von Hepatitis C- Virus 

75 (HCV) codiert wird und eine antigene Determinante umfaBt, wobei HCV folgendermaBen charakterisiert 
ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
2o AminosSuren umfassenden Sequenz in F»g. 1 4 aufweist, 

wobei die codierende Sequenz funktionell mit einer Kontrollsequenz verknUpft ist, die die Expression 
der codierenden Sequenz durch die Wirtszelle unter Bedingungen ermdglicht, die zur Expression der 
codierenden Sequenz fUhren. 

25 28. Verfahren nach Anspruch 27, wobei das Polyprotein eine AminosMuresequenz umfaBt, die mindestens 
60 % Homologie mit der 859 Aminos&uren umfassenden Sequenz in Fig. 14 aufweist. 

29. Verfahren nach Anspruch 27 oder 28, wobei die Sequenz mindestens 15 aufeinanderfolgende Amino- 
sSuren codiert. 

30 

30. Verfahren nach einem der AnsprUche 27 bis 29, wobei die aufeinanderfolgende Sequenz in Fig. 14 
gezeigt ist. 

31. Verfahren nach einem der AnsprUche 27 bis 29, wobei die aufeinanderfolgende Sequenz in Fig. 47 
35 gezeigt ist. 

32. Verfahren nach einem der AnsprUche 27 bis 29, wobei die aufeinanderfolgende Sequenz innerhalb der 
lambda-gt11-cDNA-Genbank codiert ist, die bei der American Type Culture Collection (ATCC) unter der 
Hinterlegungsnummer 40394 hinterlegt ist. 

40 

33. Verfahren nach einem der AnsprUche 27 bis 29, wobei die DNA-Polynucleotidsequenz wie in einer der 
Figuren 1, 3 bis 32, 36, 46 oder 47 gezeigt ist, oder deren Sequenz selektiv mit dem Polynucleotid 
hybridisierbar ist, das in einer der Figuren 1, 3 bis 32, 36, 46 Oder 47 gezeigt ist. 

45 34. Verfahren nach einem der AnsprUche 27 bis 33, wobei die aufeinanderfolgende Sequenz von einem 
nichtstrukturellen viralen Protein stammt. 

35. DNA-Polynucleotid nach einem der AnsprUche 27 bis 29 oder 31 bis 33, wobei die aufeinanderfolgende 
Sequenz von einem strukturellen viralen Protein stammt. 

60 

36. Verfahren, umfassend das Mischen eines Polypeptids in im wesentlichen isolierter Form, hergestellt 
gemSB dem Verfahren nach einem der AnsprUche 26 bis 35, oder ein Polypeptid mit der gleichen 
Sequenz, das durch chemische Synthese hergestellt wurde, mit einem pharmazeutisch vertrSglichen 
Excipienten. 

65 

37. Verfahren nach Anspruch 36 fUr die Herstellung eines Impfstoffs. 



96 



EP 0 31B 216 B1 



38. Verfahren nach Anspruch 27 Oder 28. wobei die aufeinanderfolgende Sequenz mrt iner nicht-HCV- 
AminosSuresequenz fusioniert ist. 

39. Verfahr n nach Anspruch 38, wobei di nicht-HCV-Aminos£uresequenz in Signalsequenz umfaBt. 

40. Verfahren nach Anspruch 38, wobei die nicht-HCV-AminosSuresequenz eine AminosSuresequenz von 
0-Galactosidase oder Superoxiddismutase umfaBt. 

41. Verfahren nach Anspruch 38, wobei die nicht-HCV-Aminos§uresequenz ein teilchenbildendes Protein 
umfaBt 

42. Verfahren nach Anspruch 41, wobei das teilchenbildende Protein Hepatitis B-OberflSchenantigen 
umfaBt. 

43. Verfahren, umfassend das Mischen eines Polypeptids, hergesteltt gemMB dem Verfahren nach einem 
der Ansprtlche 38 bis 42, mit einem pharmazeutisch vertrSglichen Excipienten. 

44. Verfahren nach Anspruch 43 fUr die Herstellung eines Impfstoffs. 

45. ImmunoassayrVerfahren.zum ,Nachweis_.eines^HCy-AntigensJn_einer Probe, umfassend: 

(a) Bereitstellung einer Anti-HCV-Antik8rper-Zusammensetzung, umfassend AntikSrper, die die anti- 
gene Determinante eines Polypeptids nach einem der AnsprUche 1 bis 4 oder 7 bis 15 binden, die 

(a) ein gereinigtes Praparat von polyclonalen AntikSrpern oder (b) eine Zusammensetzung aus 
monoclonalen AntikSrpern ist; 

(b) Inkubation einer Probe mit der anti-HCV-Antikdrper-Zusammensetzung unter Bedingungen, die 
die Ausbildung eines Antik5rper-Antigen-Komplexes erlauben; und 

(c) Bestimmung, ob ein den anti-HCV-Antikorper umfassender Antikdrper-Antigen-Komplex ausgebil- 
det wurde. 

46. Verfahren nach Anspruch 45, wobei die anti-HCV-Antikorper an eine teste Phase fixiert sind. 

47. Verfahren zur ZOchtung von Hepatitis C-Virus (HCV), umfassend die Bereitstellung von mit HCV 
infizierten Zellen und Vermehrung dieser Zellen in vitro , wobei HCV folgendermaBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms, 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

48. Verfahren nach Anspruch 47, wobei das Polyprotein eine AminosSuresequenz umfaBt, die mindestens 
60 % Homologie mit der 859 AminosSuren umfassenden Sequenz in Fig. 14 aufweist 

49. Verfahren nach Anspruch 47 oder 48, wobei die Zellen primSre Zellen umfassen. 

50. Verfahren nach Anspruch 47 oder 48, wobei die Zellen eine Zellinie umfassen. 

51. Verfahren nach einem der AnsprUche 47 bis 50, wobei die Zellen Hepatocyten oder Macrophagen sind. 

52. Verfahren zur Herstellung eines Hepatitis C-Virus (HCVHmmunoassay-Antigens, wobei HCV folgender- 
maBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
Aminos&uren umfass nden Sequenz in Fig. 14 aufweist; 

wobei das Antigen eine antigene Determinante umfaBt, die immunologisch reatctiv mit einem anti-HCV- 
Antikdrper ist, wobei 

(a) der anti-HCV-Antiktf rper immunologisch reaktiv mit einer als Bezug dienenden antigenen Deter- 
minante ist, die (i) von iner HCV-cDNA-lnsertion in der lambda-gt11-Genbank codiert wird, welche 
bei der American Type Culture Collection (ATCC) unter der Hinterlegungs-Nr. 40394 hinterlegt ist 
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Oder (ii) in Figur 47 gezeigt ist; und 

(b) die als Bezug dienende antigene Determinante immunologisch reaktiv mit Seren von HCV- 
infizierten Menschen ist; 
umfassend die Fixierung des Immunoassay-Antigens an eine teste Phase. 

5 

53. Verfahren nach Anspruch 52, wobei die als Bezug dienende antigene Determinante in Fig. 14 gezeigt 
ist. 

54. Immobilisiertes Polypeptid zur Verwendung in einem Immunoassay nach einem der AnsprUche 1 bis 
ro 15, wobei das Polypeptid eine antigene Determinante umfaSt, die durch einen anti-HCV-Antik6rper 

gemSB der Definition in Anspruch 1 gebunden wird. 

55. Polypeptid in im wesentlichen isolierter Form, umfassend eine Sequenz von mindestens 10 aufeinan- 
derfolgenden AminosSuren, die von dem Genom des Hepatitis C-Virus (HCV) codiert wird und eine 

75 antigene Determinante umfafit, wobei HCV charakterisiert ist durch: 

(i) einen positiven Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Figur 14 aufweist. 

20 

56. Polypeptid nach Anspruch 55, gemafi der Definition in einem der AnsprOche 2 bis 4 Oder 7 bis 15. 

57. Polynucleotid in im wesentlichen isolierter Form, umfassend eine Sequenz von aufeinanderfolgenden 
Nucleotides die zur selektiven Hybridisierung mit dem Genom von Hepatitis C-Virus (HCV) oder dem 

25 Komplement davon fahig ist, wobei HCV folgendermaBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosMuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist. 

30 

58. Polynucleotid nach Anspruch 57, gemSfl der Definition in^inem der AnsprUche 17 bis 21 oder 24 bis 
26. 

59. Testkit, umfassend eine Polynucleotidsonde nach Anspruch 58 in einem geeigneten BehSlter. 

35 

60. Polymerasekettenreaktions(PCR)-Kit, umfassend ein Paar von Primern, die zum Primen der Synthese 
von cDNA in einer PCR-Reaktion fShig sind, wobei jeder der Primer ein Polynucleotid gemSB der 
Definition in einem der AnsprUche 16 bis 21 ist 

40 61. PCR-Kit nach Anspruch 60, weiterhin eine Polynucleotidsonde umfassend, die zur selektiven Hybridis- 
ierung mit einem Bereich des HCV-Genoms fShig ist, das zwischen den HCV-Sequenzen liegt, von 
denen die Primer stammen, und diese nicht umfafit. 

62. DNA-Polynucleotid, das ein Polypeptid codiert, wobei das Polypeptid eine Sequenz von mindestens 10 
45 aufeinanderfolgenden Aminos&uren umfafit, die von dem Genom von Hepatitis C-Virus (HCV) codiert 

wird und eine antigene Determinante umfafit, wobei HCV folgendermaBen charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfafit ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfafit eine AminosMuresequenz, die mindestens 40 % Homologie mit der 859 
so AminosMuren umfassenden Sequenz in Rg. 14 aufweist 

63. DNA-Polynucleotid nach Anspruch 62, gemSB der Definition in einem der AnsprOche 28 bis 35. 

64. Rekombinant r Vektor, umfassend in codierende Sequenz, die ein DNA-P lynucleotid nach einem 
55 der AnsprUche 62 od r 63 umfafit. 

65. Wirtsz II , transformi rt mit einem rekombinanten V ktor nach Anspruch 64, wobei die codierende 
Sequenz funktionell mit einer Kontrollsequenz verknUpft ist, die die Expression der codierenden 
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Sequenz durch die Wirtszelle ermoglicht. 

66. Anti-HCV-Antikorper-Zusammensetzung, umfassend AntikSrper, die die antigene Determinante eines 
Polypeptids nach einem der AnsprUche 55 Oder 56 binden, die (a) in g reinigtes PrMparat von 
polyclonalen Antikdrpern oder (b) eine Zusammensetzung aus monoclonalen AntikSrpern ist. 

67. Mrttel nach Anspruch 66, wobei die anti-HCV-Antik6rper an eine teste Phase fixiert sind. 

68. Immunoassay-Kit, umfassend eine anti-HCV-Antik5rper-Zusammensetzung nach Anspruch 66 oder 67 
in einem geeigneten BehSlter. 

69. Polypeptid, umfassend eine Sequenz von mindestens 10 aufeinanderfolgenden AminosSuren, die durch 
das Genom von Hepatitis C-Virus (HCV) codiert wird und eine antigene Determinante umfafit, wobei die 
aufeinanderfolgende Sequenz mit einer nicht-HCV-AminosSuresequenz fusioniert ist, und wobei HCV 
folgendermafien charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(Hi) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweisl 

70. Polypeptid nach Anspruch 69, gem5B der Definition in einem der AnsprUche 39 bis 42. 

71. Hepatitis C-Virus (HCVJ-lmmunoassay-Antigen, fixiert an eine teste Phase, wobei HCV folgendermaBen 
charakterisiert ist: 

(i) ein positiver Strang des RNA-Genoms; 

(ii) das Genom umfaBt ein offenes Leseraster (ORF), welches ein Polyprotein codiert; und 

(iii) das Polyprotein umfaBt eine AminosSuresequenz, die mindestens 40 % Homologie mit der 859 
AminosSuren umfassenden Sequenz in Fig. 14 aufweist; 

wobei das Antigen eine antigene Determinante umfaBt, die immunologisch reaktiv mit einem anti-HCV- 
Antikdrper ist, wobei 

(a) der anti-HCV-Antikdrper immunologisch reaktiv mit einer als Bezug dienenden antigenen Deter- 
minante ist, die (i) von einer HCV-cDNA-lnsertion in der lambda-gt11-Genbank codiert wird, welche 
bei der American Type Culture Collection (ATCC) unter der Hinterlegungs-Nr. 40394 hinterlegt ist, 
oder (ii) in Figur 47 gezeigt ist; und 

(b) die als Bezug dienende antigene Determinante immunologisch reaktiv mit Seren von HCV- 
infizierten Menschen ist. 

72. HCV-Antigen nach Anspruch 71, wobei die als Bezug dienende antigene Determinante in Fig. 14 
gezeigt ist. 

Revendications 

Revendlcations pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1. Polypeptide sous forme pratiquement isol£e, comprenant une sequence contigu& d'au moins 10 
aminoacides codde par le genome du virus de I*h6patite C (HCV) et comprenant un determinant 
antig6nique, le HCV 6tant caract£ri$6 par: 

(I) un genome h ARN formd d'une chatne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyprot≠ et 

(III) ladite polyprot&ne comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

2. Polypeptide selon la revendtcation 1, dans lequel ladite polyprot&ne comprend une sequence d'ami- 
noacides ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la figure 14. 

3. Polypeptide selon la revendication 1 ou 2, comprenant au moins 15 aminoacides. 

4. Polypeptide selon Tune quelconqu des r vendications pr£c£dentes, produit par xpr ssion d'ADN 
recombinant. 
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5. Polypeptide selon Tune quelconque des revendications 1 k 3. pr6par6 par synthase chimique. 

6. Polypeptide selon Tune quelconque des revendications 1 k 5, dans tequel ladite s6quenc contigue est 
donnee sur la figur 14. 

5 

7. Polypeptide selon Tune quelconque des revendications 1 & 5. dans lequel ladite sequence contigu§ est 
donnee sur la figure 47. 

8. Polypeptide selon Tune quelconque des revendications 1 k 5, dans lequel ladite sequence contigu§ est 
to codee au sein de la banque d'ADNc de \-gt11, depos6e k V American Type Culture Collection - 

(ATCC) sous le n° 40394. 

9. Polypeptide selon Tune quelconque des revendications 1 k 8, dans lequel ladite sequence contigue 
provient d'une proline virale non structural. 

75 

10. Polypeptide selon Tune quelconque des revendications H 5, 7 ou 8, dans lequel ladite sequence 
contigue provient d'une proline virale structural. 

11. Polypeptide selon Tune quelconque des revendications 1 i 8, dont la sequence est telle que 
20 representee sur !'une quelconque des figures 1, 3 k -32, 36, 46 et 47, ou dont !a sequence est codde 

dans un polynucleotide apte k I'hybridation selective avec le polynucleotide tel que represents sur Tune 
quelconque des figures 1 , 3 St 32, 36, 46 ou 47. 

12. Polypeptide selon Tune quelconque des revendications 1 k 11, caract£ri$6 en ce que le polypeptide est 
25 fix6 sur une phase solide. 

13. N£ces$aire d'essai immunologique comprenant un polypeptide selon Tune quelconque des revendica- 
tions 1 k 12, dans un contenant approprie. 

30 14. Composition comprenant un polypeptide sous forme pratiquement isoiee, selon I'une quelconque des 
revendications 1 & 1 1 , m£lang£ avec un excipient pharmaceutiquement acceptable. 

15. Composition de vaccin selon la revendication 14. 

35 16. Essai immunologique pour la detection d'un anticorps dirige contre le virus de I'hepatite C (HCV) 
(anticorps anti-HCV), lequel essai immunologique comprend: 

(a) la fourniture d'un polypeptide comprenant un determinant antig^nique apte k etre fixe par ledit 
anticorps anti-HCV, ledit determinant antig6nique comprenant une sequence contigue d'aminoacides 
codee par le genome du HCV, le HCV etant caracterise par: 

40 (I) un genome k ARN forme d'une chathe positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14; 

(b) ('incubation d'un echantillon biologique avec ledit polypeptide, dans des conditions permettant la 
45 formation d'un complexe antigfene-anticorps; et 

(c) la determination de la formation d'un complexe antig&ne-anticorps comprenant ledit polypeptide. 

17. Essai immunologique selon la revendication 16, dans lequel le polypeptide est produrt par expression 
d'ADN recombinant. 

50 

18. Essai immunologique selon la revendication 16, dans lequel le polypeptide est prepare par synthase 
chimique. 

19. Essai immunologiqu s Ion Tune quelconqu des, r v ndications 16 & 18, dans tequ I ledit polypeptide 
65 est fixe sur un support solide. 

20. Essai immunologique selon Tune quelconque des r vendications 16 k 19, dans lequel lesdits com- 
plexes antigfene-anticorps sont detectes par incubation des complexes avec un anticorps anti-immuno- 
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globulme humaine marque. 

21. Essai immunologique de la revendication 20, dans lequel ledrt anticorps anti-immunoglobuline humaine 
est marque par une enzyme. 

5 

22. Essai immunologique selon Tun quelconqu des revendications 16 k 21, dans lequel ladite polyprotSi- 
ne comprend une sequence d'aminoacides ayant une homologie d'au moins 60 % avec la sequence 
de 859 aminoacides sur la figure 14. 

to 23. Essai immunologique selon Tune quelconque des revendications 16 k 22, dans lequel la sequence 
contigue comprend au moins 10 aminoacides. 

24. Essai immunologique selon Tune quelconque des revendications 16 k 23, dans lequel la sequence 
contigue comprend au moins 15 aminoacides. 

75 

25. Essai immunologique selon Tune quelconque des revendications 16 k 24, dans lequel la sequence 
contigue est donn£e sur la figure 14. 

26. Essai immunologique selon Tune quelconque des revendications 16 k 24, dans lequel la sequence 

20 contigu§-est donn6e sur !a figure 47. 

27. Essai immunologique selon Tune quelconque des revendications 16 k 24, dans lequel la sequence 
contigue est telle que representee sur Tune quelconque des figures 1, 3 k 32, 36, 46 ou 47, ou dont la 
sequence est cod6e dans un polynucleotide apte k I'hybridation selective avec le polynucleotide tel 

25 que represent^ sur Tune quelconque des figures 1 , 3 k 32, 36, 46 ou 47. 

28. Essai immunologique selon I'une quelconque des revendications 16 k 27, dans lequel ladite sequence 
contigue est cod^e au sein de la banque d'ADNc de \-gt11 depos6e k V American Type Culture 
Collection (ATCC) sous le n° 40394. 

30 

29. Essai immunologique selon Tune quelconque des revendications 16 k 28, dans lequel ladite sequence 
contiguS provient d'une proteine virale non structural. 

30. Essai immunologique selon I'une quelconque des revendications 16 k 24 ou 26 k 28, dans lequel ladite 
35 sequence contigue provient d'une proteine virale structural. 

31. Polypeptide immobilise pour utilisation dans I'essai immunologique de I'une quelconque des revendica- 
tions 16 k 30, caracterise en ce que le polypeptide comprend un determinant antigenique apte k §tre 
fixe par un anticorps anti-HCV tel que dSfini dans la revendication 16. 

40 

32. Polynucleotide sous forme pratiquement isoiee, comprenant une sequence contigue de nucleotides qui 
est apte k I'hybridation selective avec le genome du virus de I'hepatite C (HCV) ou son complement, le 
HCV etant caracterise par 

(I) un genome k ARN forme d'une chatne positive; 
45 (II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

33. Polynucleotide selon la revendication 32, dans lequel ladite polyproteine comprend une sequence 
so d'aminoacides ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la 

figure 14. 

34. Polynucleotide selon la revendication 32 ou 33, dans lequel ladite sequence contigue comporte au 
moins 10 nucleotides. 

65 

35. Polynucleotide selon la r vendication 34, dans lequel ladite sequence contigue comporte au moins 15 
nucleotides. 
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36. Polynucleotide selon la revendication 35, dans lequel tadite sequence contiguS comporte au moins 20 
nucleotides. 

37. Polynucleotide selon Tune quelconque des revendications 32 h 36, qui est un polynucleotide d'ADN. 

5 

38. Polynucleotide selon Tune quelconque des revendications 32 & 36, qui est un polynucleotide d'ARN. 

39. Polynucleotide selon Tune quelconque des revendications 32 & 38, fixe sur une phase solide. 

ro 40. Sonde comprenant un polynucleotide selon Tune quelconque des revendications 32 & 39 et compre- 
nant en outre un marqueur detectable. 

41. Necessaire d'essai comprenant une sonde polynucleotide selon Tune quelconque des revendications 
32 & 40, dans un contenant approprie. 

75 

42. Necessaire pour la reaction de polymerisation en chatne (PCR), comprenant une paire d'amorces 
capables d'amorcer la synthase d'ADNc dans une reaction PCR, chacune desdites amorces etant un 
polynucleotide selon Tune quelconque des revendications 32 & 37. 

20 43- Necessaire pour PGR selon !a revendication 42, comprenant en outre un© sonde pclypiucieotidique apte 
& I'hybridation selective avec une region du genome du HCV situee entre et ne comprenant pas les 
sequences du HCV desquelles sont derivees les amorces. 

44. Procede d'execution d'une reaction de polymerisation en chatne, dans lequel les amorces sont une 
25 paire de polynucleotides selon Tune quelconque des revendications 32 & 37. 

45. Procede pour I'essai d'un echantillon pour la determination de la presence ou de ('absence de 
polynucleotides de HCV, comprenant: 

(a) la mise en contact de rechantillon avec une sonde comprenant un polynucleotide selon Tune 
30 quelconque des revendications 32 k 40, dans des conditions permettant I'hybridation selective de 

ladite sonde avec un polynucleotide de HCV ou son complement dans rechantillon; et 

(b) la determination de la formation de duplex polynucieotidiques comprenant ladite sonde. 

46. Polynucleotide d'ADN codant pour un polypeptide, lequel polypeptide comprend une sequence 
35 contigue d'au moins 10 aminoacides codee par le genome du virus de Thepatite C (HCV) et 

comprenant un determinant antigenique, le HCV etant caracterise par 

(I) un genome h ARN forme d'une chatne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 40 % avec la sequence de 859 aminoacides sur la figure 14. 

47. Nucleotide d'ADN selon la revendication 46, dans lequel ladite polyproteine comprend une sequence 
d'aminoacides ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la 
figure 14. 

45 

4a Polynucleotide d'ADN selon la revendication 46 ou 47, dans lequel ladite sequence contigue code pour 
au moins 15 aminoacides. 

49. Polynucleotide d'ADN selon Tune quelconque des revendications 46 h 48, dans lequel ladite sequence 
so contiguS est donnee sur la figure 1 4. 

50. Polynucleotide d'ADN selon Tune quelconque des revendications 48 & 48, dans lequel ladite sequence 
contiguS est donnee sur la figure 47. 

55 51. Polynucleotide d'ADN selon Tune quelconque des revendications 46 & 48, dans lequel ladite sequence 
contiguB st codee au sein de la banque d'ADNc de x-gtn deposee k V American type Culture 
Collection (ATCC) sous le n° 40394. 
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52. Polynucleotide d'ADN salon Tune quelconque des revendications 46 k 48. dont la sequence st telle 
que representee sur Tune quelconque des figures 1, 3 k 32, 36, 46 ou 47, ou dont la sequence st apte 
k I'hybridation selective avec le polynucleotide tel que represents sur Tune quelconque des figures 1 , 3 
k 32, 36, 46 ou 47. 

5 

53. Polynucleotide d'ADN selon Tune quelconque des revendications 46 k 52, dans lequel ladite sequence 
contiguS provient d'une proline virale non structurale. 

54. Polynucleotide d'ADN selon I'une quelconque des revendications 46 k 48 ou 50 k 52, dans lequel 
10 ladite sequence contiguS provient d'une proline virale structurale. 

55. Vecteur recombinant comprenant une sequence codante qui comprend un polynucleotide d'ADN selon 
I'une quelconque des revendications 46 k 54. 

75 56. Cellule h8te transformee par un vecteur recombinant selon la revendication 55, dans lequel la 
sequence codante est fonctionnellement liee k une sequence regulatrice capable de produire Pexpres- 
sion de la sequence codante par la cellule hSte. 

57. Procede de production d'un polypeptide recombinant de HCV, comprenant I'incubation d'une cellule 
20 hote selon la revendication 56, dans des conditions produisant ('expression de !a sequence codante. 

58. Composition d'anticorps anti-HCV comprenant des anticorps qui se lient audit determinant antigenique 
d'un polypeptide selon I'une quelconque des revendications 1 & 12, qui est (a) une composition purifi^e 
d'anticorps polyclonaux, ou (b) une composition d'anticorps monoclonaux. 

25 

59. Composition selon la revendication 58, dans laquelle les anticorps anti-HCV sont fixes sur une phase 
- solide. 

60. Necessaire d'essai immunologique comprenant une composition d'anticorps anti-HCV selon la revendi- 
30 cation 58 ou 59, dans un contenant approprie. 

61. Procede d'essai immunologique pour la detection d'un antigfene de HCV dans un echantillon, compre- 
nant: 

(a) la fourntture d'une composition d'anticorps anti-HCV selon la revendication 58 ou 59; 
35 (b) I'incubation d'un echantillon avec ladite composition d'anticorps anti-HCV, dans des conditions 

permettant la formation d'un complexe antigfene-anticorps; et 

(c) la determination de la formation d'un complexe antig&ne-anticorps comprenant I'anticorps anti- 
HCV. 

40 62. Polypeptide comprenant une sequence contigu§ d'au moins 10 aminoacides codee par le genome du 
virus de I'hepatite C (HCV) et comprenant un determinant antigenique, dans lequel ladite sequence 
contiguS est soud4e k une sequence d'aminoacides non-HCV, le HCV etant caracterise par 

(I) un genome k ARN forme d'une chatne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

45 (III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 

40 % avec la sequence de 859 aminoacides sur la figure 14. 

63. Polypeptide selon la revendication 62, dans lequel ladite polyproteine comprend une sequence 
d'aminoacides ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la 

so figure 14. 

64. Polypeptide selon la revendication 62 ou 63, dans lequel ladite sequence d'aminoacides non-HCV 
compr nd une sequence signal. 

55 65. Polypeptide selon la revendication 62 ou 63, dans lequel ladite sequence d'aminoacides non-HCV 
comprend une sequence d'aminoacides provenant de la l-galactosidas ou de la superoxyde dismuta- 

se. 
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66. Polypeptide selon la revendication 62 ou 63, dans lequel la sequence d'aminoacides non-HCV 
comprend une proline formant des particules. 

67. Polypeptide selon la r vendication 66, dans lequel la proline formant des particules compr nd 
I'antig&ne de surface de I'hepatite B. 

68. Polypeptide selon Tune quelconque des revendications 1 h 12 ou 62 k 67, pour utilisation dans un 
precede de production d'anticorps anti-HCV, qui comprend I'administration du polypeptide & un 
mammifere. en une quantity suffisante pour produire une r£ponse immunitaire. 

69. Composition comprenant un polypeptide selon Tune quelconque des revendications 62 & 67, melange 
avec un excipient pharmaceutiquement acceptable. 

70. Vaccin selon la revendication 69. 

71. Proc6d6 de culture du virus de I'hepatite C (HCV) comprenant la foumrture de cellules infectees par le 
HCV et la propagation desdites cellules in vitro, ledit HCV etant caracterise par 

(I) un genome & ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

72. Proc6de selon la revendication 71, dans lequel ladite polyproteine comprend une sequence d'aminoaci- 
des ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la figure 14. 

73. Proc6de selon la revendication 71 ou 72, dans lequel lesdites cellules comprennent des cellules 
primaires. 

74. Proc6d6 selon la revendication 71 ou 72, dans lequel lesdites cellules comprennent une lignde 
cellulaire. 

75. Proc6d£ selon I'une quelconque des revendications 71 & 74, dans lequel lesdites cellules sont des 
hdpatocytes ou des macrophages. 

76. Antigfene pour I'essai immunologique du virus de I'hepatite C (HCV) et fixe sur une phase solide, le 
HCV etant caracterise par 

(I) un genome & ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14, 

ledit antigfene comprenant un determinant antigenique immunologiquement rSactif avec un anticorps 
anti-HCV, 

(a) ledit anticorps anti-HCV etant immunologiquement r^actif avec un determinant antigenique de 
reference (I) code par un segment d'insertion d'ADNc de HCV dans la banque de X-gt11 d6po$6e h 
V American Type Culture Collection (ATCC) sous le n° 40394, ou (II) represents sur la figure 47; et 

(b) ledit determinant antigenique de reference etant immunologiquement r6actif avec des serums 
provenant de sujets humains infectes par le HCV. 

77. Antig&ne de HCV selon la revendication 76, dans lequel ledit determinant antigenique de reference est 
represente sur la figure 14. 

Revendications pour I'Etat contractant sulvant : ES 

1. Essai immunologiqu pour la detection d'un anticorps dirige contre I virus de I'hepatit C (HCV) 
(anticorps anti-HCV). lequel ssai immunologique compr nd: 

(a) la fourniture d'un polypeptide comprenant un determinant antigenique apte k Stre fixe par ledit 
anticorps anti-HCV, ledit determinant antigenique comprenant une sequence contiguS d'aminoacides 
codee par le genome du HCV, le HCV etant caracteris6 par: 
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(I) un genome & ARN form6 d'un chatne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la s£qu nee de 859 aminoacides sur la figure 14; 

5 (b) I'incubation d'un 6chantillon biologique avec ledit polypeptide, dans des conditions permettant la 

formation d'un complexe antig&ne-anticorps; et 

(c) la determination de la formation d'un complexe antigfene-anticorps comprenant ledit polypeptide. 

2. Essai immunologique selon la revendication 1, dans lequel le polypeptide est produit par expression 
70 d'ADN recombinant. 

3. Essai immunologique selon la revendication 1, dans lequel le polypeptide est prepare par synthase 
chimique. 

75 4. Essai immunologique selon Tune quelconque des revendications 1 & 3, dans lequel (edit polypeptide 
est fix6 sur un support solide. 

5. Essai immunologique selon Tune quelconque des revendications 1 & 4, dans lequel lesdits complexes 
antig&ne-anticorps sont d£tect£s par incubation des complexes avec un anticorps anti-immunoglobuline 

20 humaine marque. 

6. Essai immunologique de la revendication 5, dans lequel ledit anticorps anti-immunoglobuline humaine 
est marque par une enzyme. 

25 7. Essai immunologique selon I'une quelconque des revendications 1 & 6, dans lequel ladite polyproteine 
comprend une sequence d'aminoacides ayant une homologie d'au moins 60 % avec la sequence de 
859 aminoacides sur la figure 14. 

8. Essai immunologique selon I'une quelconque des revendications 1 & 7, dans lequel la sequence 
30 contigue comprend au moins 10 aminoacides. 

9. Essai immunologique selon I'une quelconque des revendications 1 & 8, dans lequel la sequence 
contigue comprend au moins 15 aminoacides. 

35 10. Essai immunologique selon I'une quelconque des revendications 1 & 9, dans lequel la sequence 
contigue est donn£e sur la figure 14. 

11. Essai immunologique selon I'une quelconque des revendications 1 & 9, dans lequel la sequence 
contigue est donnge sur la figure 47. 

40 

12. Essai immunologique selon I'une quelconque des revendications 1 & 9, dans lequel la sequence 
contiguS est telle que representee sur Tune quelconque des figures 1 , 3 & 82, 36, 46 ou 47, ou dont la 
sequence est cod£e dans un polynucleotide apte & I'hybridation selective avec le polynucleotide tel 
que represente sur I'une quelconque des figures 1, 3 & 32, 36, 46 ou 47. 

45 

13. Essai immunologique selon I'une quelconque des revendications 1 & 12, dans lequel ladite sequence 
contigu§ est codee au sein de la banque d'ADNc de \-gt11 deposee h V American Type Culture 
Collection (ATCC) sous le n° 40394. 

so 14. Essai immunologique selon I'une quelconque des revendications 1 & 13, dans lequel ladite sequence 
contiguS provient d'une proteine virale non structural. 

15. Essai immunologique selon I'une quelconque des revendications 1 & 9 ou 11 k 13, dans lequel ladite 
sequence contigu3 provient d'un protein virale structural. 

55 

16. Procede d'ex6cution d'une reaction de polymerisation en chatne, dans lequel les amorces sont une 
paire de polynucleotides, lesquels polynucleotides sont chacun un s6qu nee contigue de nucleotides 
qui est apte & I'hybridation selective avec le genome du virus de ('hepatite C (HCV) ou son 
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complement, le HCV 6tant caracterise par 

(I) un genome & ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
5 40 % avec la sequence de 859 aminoacides sur la figure 14. 

17. Procede selon la revendication 16, dans lequel ladite polyproteine comprend une sequence d'aminoaci- 
des ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la figure 14. 

ro 18. Proc6d6 selon la revendication 16 ou 17, dans lequel ladite sequence polynucl6otidique contiguS 
comporte au moins 10 nucleotides. 

19. Proc6d£ selon la revendication 18, dans lequel ladite sequence polynucieotidique contiguS comporte au 
moins 15 nucleotides. 

75 

20. Procede selon la revendication 19, dans lequel ladite sequence polynucieotidique contiguS comporte au 
moins 20 nucleotides. 

21. Procede selon Tune quelconque des revendications 16 k 20, dans lequel le polynucleotide est un 
20 polynucleotide d'ADN. 

22. Procede selon Tune quelconque des revendications 16 k 21, qui comprend en outre ('utilisation d'une 
sonde polynucieotidique apte & ('hybridation selective avec une region du genome du HCV situee entre 
et ne comprenant pas les sequences du HCV desquelles sont derivees les amorces. 

25 

2a Procede pour I'essai d'un echantillon pour la determination de la presence ou de ('absence de 
polynucleotides de HCV, comprenant 

(a) la mise en contact de rechantillon avec une sonde comprenant un polynucleotide tel que defini 
dans I'une quelconque des revendications 16 & 21, dans des conditions permettant ('hybridation 

30 selective de ladite sonde avec un polynucleotide de HCV ou son complement dans rechantillon; et 

(b) la determination de la formation de duplex polynucieotidiques comprenant ladite sonde. 

24. Procede selon la revendication 23, dans lequel la sonde est un polynucleotide d'ARN. 

35 25. Procede selon la revendication 23 ou 24, dans lequel la sonde est fixee sur une phase solide. 

26. Procede selon I'une quelconque des revendications 23 & 25, dans lequel la sonde comprend en outre 
un marqueur detectable. 

40 27. Procede de production d'un polypeptide recombinant de HCV, comprenant I'incubation d'une cellule 
hote transformee par un vecteur recombinant comprenant une sequence codante d'un polynucleotide 
d'ADN codant pour un polypeptide, lequel polypeptide comprend une sequence contigu§ d'au moins 
10 aminoacides codee par le genome du virus de I'hepatite C (HCV) et comprenant un determinant 
antigenique, le HCV etant caracterise par 

45 (I) un genome & ARN forme d'une chathe positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14, 

la sequence codante etant fonctionnellement Ii6e & une sequence regulatrice capable de produire 
50 ('expression de la sequence codante par la cellule h8te, dans des conditions permettant I'expression de 
la sequence codante. 

28. Procede selon la revendication 27, dans lequel ladrt polyproteine comprend une sequence d'aminoaci- 
d s ayant une homologi d'au moins 60 % av c la sequence d 859 aminoacides sur la figure 14. 

55 

29. Procede selon la revendication 27 ou 28, dans lequel ladite sequence contiguS code pour au moins 15 
aminoacides. 
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30. Procede selon I'une quelconque des revendications 27 k 29, dans lequel ladite sequence contigue est 
donn6e sur la figure 14. 

31. Procede selon Tune quelconque des revendications 27 k 29, dans lequel ladite sequence contigue est 
donn6e sur la figure 47. 

32. Procede selon I'une quelconque des revendications 27 k 29, dans lequel ladite sequence contiguS est 
cod£e au sein de la banque d'ADNc de \-gt1 1 depos6e k V American type Culture Collection (ATCC) 

sous le n° 40394. 

33. Procede selon I'une quelconque des revendications 27 & 29, dans lequel la sequence polynucteotidique 
d'ADN est telle que representee sur I'une quelconque des figures 1, 3 k 32, 36, 46 ou 47, ou dont la 
sequence est apte k I'hybridation selective avec le polynucleotide tel que represents sur Tune 
quelconque des figures 1, 3 k 32, 36, 46 ou 47. 

34. ProcSde selon I'une quelconque des revendications 27 k 33, dans lequel ladite sequence contiguS 
provient d'une proline virale non structurale. 

35. ProcSde selon I'une quelconque des revendications 27 k 29 ou 31 k 33, dans lequel ladite sequence 
contiguS provient d'une proline wale structurale. 

36. Procede comprenant le melange d'un polypeptide sous forme pratiquement isotee, produit par le 
procede de Tune quelconque des revendications 26 k 35, ou d'un polypeptide de m§me sequence 
prepare par synthase chimique, avec un excipient pharmaceutiquement acceptable. 

37. ProcSde selon la revendication 36, pour la preparation d'un vaccin. 

38. Procede selon la revendication 27 ou 28, dans lequel ladite sequence contigue est soudee k une 
sequence d'aminoacides non-HCV. 

39. Procede selon la revendication 38, dans lequel ladite sequence d'aminoacides non-HCV comprend une 
sequence signal. 

40. Procede selon la revendication 38, dans lequel ladite sequence d'aminoacides non-HCV comprend une 
sequence d'aminoacides provenant de la 0-galactosidase ou de la superoxyde dismutase. 

41. Procede selon la revendication 38, dans lequel la sequence d'aminoacides non-HCV comprend une 
proteine formant des particules. 

42. Procede selon la revendication 41, dans lequel la proteine formant des particules comprend I'antig&ne 
de surface de I'hepatite B. 

43. Procede comprenant le melange d'un polypeptide produit par le procede selon I'une quelconque des 
revendications 38 k 42, avec un excipient pharmaceutiquement acceptable. 

44. ProcSde selon la revendication 43 pour la preparation d'un vaccin. 

45. Procede d'essai immunologique pour la detection d'un antig&ne de HCV dans un echantillon, compre- 
nant: 

(a) la fourniture d'une composition d'anticorps anti-HCV comprenant des anticorps qui fixent ledit 
determinant antigenique d'un polypeptide tel que defini dans I'une quelconque des revendications 1 
k 4 ou 7 k 15, qui est 

(a) une composition purifi^e d'anticorps polyclonaux, ou 

(b) une composition d'anticorps monoclonaux; 

(b) I'incubation d'un echantillon avec ladite composition d'anticorps anti-HCV, dans d s conditions 
permettant la formation d'un complexe antigftne-anticorps; et 

(c) la determination de la formation d'un complexe antigfene-anti corps comprenant I'anti corps anti- 
HCV. 
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46. Proc6d6 selon la revendication 45, dans lequel les anticorps anti-HCV sont fix6s sur une phase solide. 

47. Proc666 de cultur du virus de I'hSpatite C (HCV) compr nant la foumiture de cellules infectSes par le 
HCV t la propagation desdites cellules in vitro, ledit HCV etant caract6ris6 par 

(I) un gdnome & ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

48. Proc6d6 selon la revendication 47, dans lequel ladite polyproteine comprend une sequence d'aminoaci- 
des ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la figure 14. 

49. Proc£d£ selon la revendication 47 ou 48, dans lequel lesdites cellules comprennent des cellules 
primaires. 

50. Proc6d6 selon la revendication 47 ou 48, dans lequel lesdites cellules comprennent une Iign6e 
cellulaire. 

51. Proc£d£ selon Tune quelconque des revendications 47 & 50 t dans lequel lesdites cellules sont des 
hepatocytes ou des macrophages. 

52. Proc£d6 de production d'un antigfene pour I'essai immunologique du virus de I'h6patite C (HCV). le 
HCV 6tant caract£ri$6 par 

(I) un genome k ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14, 

ledit antigfene comprenant un determinant antigenique immunologiquement r^actif avec un anticorps 
anti-HCV, 

(a) ledit anticorps anti-HCV etant immunologiquement reactif avec un determinant antigenique de 
reference (I) cod6 par un segment d'insertion d'ADNc de HCV dans la banque de x-gt11 dSposSe & 
V American Type Culture Collection (ATCC) sous le n° 40394, ou (II) represents sur la figure 47; et 

(b) ledit determinant antigenique de reference etant immunologiquement reactif avec des serums 
provenant de sujets humains infects par le HCV; 

qui comprend la fixation & une phase solide dudit antigfene pour I'essai immunologique. 

53. Proc666 selon la revendication 52, dans lequel ledit determinant antigenique de reference est 
represents sur la figure 14. 

Revendications pour I'Etat contractant sulvant : GR 

1. Essai immunologique pour la detection d'un anticorps dirige contre le virus de I'hepatite C (HCV) 
(anticorps anti-HCV), lequel essai immunologique comprend: 

(a) la foumiture d'un polypeptide comprenant un determinant antigenique apte & §tre fixe par ledit 
anticorps antiHCV, ledit determinant antigenique comprenant une sequence contiguS d'aminoacides 
codee par le genome du HCV, le HCV etant caracterise par: 

(I) un genome k ARN forme d'une chaune positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14; 

(b) I'incubation d'un echantillon biologique avec ledit polypeptide, dans des conditions pemnettant la 
formation d'un complexe antig&ne-anticorps; et 

(c) la determination de la formation d'un complexe antigfcne-anticorps comprenant ledit polypeptide. 

2. Essai immunologique selon la revendication 1, dans lequel le polypeptide est prodult par xpression 
d'ADN recombinant. 
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3. Essai immunologique selon la r vendication 1, dans lequel le polypeptide est prepare par synthase 
chimique. 

4. Essai immunologique selon Tune quelconque des revendications 1 & 3, dans lequel ledit polypeptide 
5 est fixe sur un support solide. 

5. Essai immunologique selon Tune quelconque des revendications 1 & 4, dans lequel lesdits complexes 
anttg&ne-anticorps sont d£tect£s par incubation des complexes avec un anticorps anti-immunoglobuline 
humaine marque. 

10 

6. Essai immunologique de la revendication 5, dans lequel ledit anticorps anti-immunoglobuline humaine 
est marqu6 par une enzyme. 

7. Essai immunologique selon Tune quelconque des revendications 1 & 6, dans lequel ladite polyproteine 
75 comprend une sequence d'aminoacides ayant une homologie d'au moins 60 % avec la sequence de 

859 aminoacides sur la figure 14. 

8. Essai immunologique selon Tune quelconque des revendications 1 & 7, dans lequel la sequence 
contigue comprend au moins 10 aminoacides. 

20 

9. Essai immunologique selon Tune quelconque des revendications 1 d 8, dans lequel la sequence 
contigue comprend au moins 15 aminoacides. 

10. Essai immunologique selon Tune quelconque des revendications 1 & 9, dans lequel la sequence 
25 contigu§ est donn6e sur la figure 14. 

11. Essai immunologique selon Tune quelconque des revendications 1 & 9, dans lequel la sequence 
contigu§ est donn£e sur la figure 47. 

30 12. Essai immunologique selon Tune quelconque des revendications 1 & 9, dans lequel la sequence 
contigue est telle que representee sur Tune quelconque des figures 1 ( 3 & 32, 36, 46 ou 47, ou dont la 
sequence est cod§e dans un polynucleotide apte & Phybridation selective avec le polynucleotide tel 
que represente sur Tune quelconque des figures 1 , 3 k 32, 36, 46 ou 47. 

35 13. Essai immunologique selon Tune quelconque des revendications 1 & 12, dans lequel ladite sequence 
contigue est cod£e au sein de la banque d'ADNc de \-gt11 d6pos6e k V American Type Culture 
Collection (ATCC) sous le n° 40394. 

14. Essai immunologique selon Tune quelconque des revendications 1 & 13, dans lequel ladite sequence 
40 contiguS provient d'une proteine virale non structurale. 

15. Essai immunologique selon Tune quelconque des revendications 1 & 9 ou 11 & 13, dans lequel ladite 
sequence contigue provient d'une proteine virale structurale. 

45 16. Procede d'execution d'une reaction de polymerisation en chaihe, dans lequel les amorces sont une 
paire de polynucleotides, lesquels polynucleotides sont chacun une sequence contigue de nucleotides 
qui est apte k I'hybridation selective avec le genome du virus de I'hepatite C (HCV) ou son 
complement, le HCV etant caracterise par 

(I) un genome & ARN forme d'une chaihe positive; 
so (II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

17. Procede s Ion la r vendication 16, dans lequel ladite polyprotein comprend une sequence d'aminoaci- 
65 des ayant un homologie d'au moins 60 % avec la sequence d 859 aminoacides sur la figure 14. 

18. Procede selon la r vendication 16 ou 17, dans lequel ladite sequence polynucieotidique contigue 
comporte au moins 10 nucleotides. 
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19. Procede selon la revendication 18. dans lequel ladite sequence polynucieotidique contigu6 comporte au 
moins 15 nucleotides. 

20. Procede selon la revendication 19, dans lequel ladite sequence polynucieotidique contiguS comporte au 
6 moins 20 nucleotides. 

21. Proc6d6 selon Tune quelconque des revendications 16 & 20, dans lequel le polynucleotide est un 
polynucleotide d'ADN. 

ro 22. Procede selon Tune quelconque des revendications 16 k 21, qui comprend en outre ('utilisation d'une 
sonde polynucieotidique apte h ('hybridation selective avec une region du genome du HCV situ6e entre 
et ne comprenant pas les sequences du HCV desquelles sont derivees les amorces. 

23. Procede pour I'essai d'un echantillon pour la determination de la presence ou de I'absence de 
is polynucleotides de HCV, comprenant 

(a) la mise en contact de rechantillon avec une sonde comprenant un polynucleotide tel que ddfini 
dans Tune quelconque des revendications 16 & 21, dans des conditions permettant I'hybridation 
selective de ladite sonde avec un polynucleotide de HCV ou son complement dans rechantillon; et 

(b) la determination de la formation de duplex polynucieotidiques comprenant ladite sonde. 

20 

24. Procede selon la revendication 23, dans lequel la sonde est un polynucleotide d'ARN. 

25. Procede selon la revendication 23 ou 24, dans lequel la sonde est fixee sur une phase solide. 

25 26. Procede selon Tune quelconque des revendications 23 & 25, dans lequel la sonde comprend en outre 
un marqueur detectable. 

27. Procede de production d'un polypeptide recombinant de HCV, comprenant I'incubation d'une cellule 
hote transformee par un vecteur recombinant comprenant une sequence codante d'un polynucleotide 
30 d'ADN codant pour un polypeptide, lequel polypeptide comprend une sequence contiguS d'au moins 
10 aminoacides codee par le genome du virus de ('hepatite C (HCV) et comprenant un determinant 
antigSnique, le HCV etant caracterise par 

(I) un genome h ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

35 (III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 

40 % avec la sequence de 859 aminoacides sur la figure 14, 
la sequence codante etant fonctionnellement liee h une sequence regulatrice capable de produire 
I'expression de la sequence codante par la cellule h8te, dans des conditions permettant I'expression de 
la sequence codante. 

40 

2a Procede selon la revendication 27, dans lequel ladite polyproteine comprend une sequence d'aminoaci- 
des ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la figure 14. 

29. Procede selon la revendication 27 ou 28, dans lequel ladite sequence contigUe code pour au moins 15 
45 aminoacides. 

30. Procede selon I'une quelconque des revendications 27 & 29, dans lequel ladite sequence contigUe est 
donnee sur la figure 14. 

so 31. Procede selon I'une quelconque des revendications 27 & 29, dans lequel ladite sequence contigUe est 
donnee sur la figure 47. 

32. Procede selon I'une quelconque des revendications 27 h 29, dans lequel ladite sequence contiguS est 
codee au sein de la banqu d'ADNc de X-gt1 1 d6pos<§e h Y American type Culture Collection (ATCC) 
55 sous le n° 40394. 

3a Procede selon Tun quelconque d s revendications 27 & 29, dans lequel la sequence polynucieotidique 
d'ADN est telle que representee sur I'une quelconque des figures 1, 3 & 32, 36, 46 ou 47, ou dont la 
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sequence est apte & i'hybridation selective avec le polynucleotide tel que represents sur Tune 
quetconque des figures 1 , 3 & 32, 36, 46 ou 47. 

34. Procede selon Tune quelconque des r vendications 27 & 33, dans lequel ladite sequence contigue 
provient d'une proline virale non structurale. 

35. Precede seton t'une quelconque des revendications 27 & 29 ou 31 & 33, dans lequel ladite sequence 
contigue provient d'une proline virale structurale. 

36. Proc£d6 comprenant le melange d'un polypeptide sous forme pratiquement isoiee, produit par le 
procede de Tune quelconque des revendications 26 & 35, ou d'un polypeptide de m§me sequence 
prepare par synthase chimtque, avec un exdplent pharmaceutiquement acceptable. 

37. Proc6d6 selon la revendication 36, pour la preparation d'un vaccin. 

38. Proc6d6 selon la revendication 27 ou 28, dans lequel ladite sequence contiguB est soudde k une 
sequence d'aminoacides non-HCV. 

39. Proc£d£ selon la revendication 38, dans lequel ladite sequence d'aminoacides non-HCV comprend une 
sequence signal. 

40. Proc6de selon la revendication 38, dans lequel ladite sequence d'aminoacides non-HCV comprend une 
sequence d'aminoacides provenant de la j8-galactosidase ou de la superoxyde dismutase. 

41. Proc6de selon la revendication 38, dans lequel la sequence d'aminoacides non-HCV comprend une 
proteins formant des particules. 

42. Proc6de selon la revendication 41 , dans lequel la proline formant des particules comprend I'antig&ne 
de surface de Phepatite B. 

43. Procede comprenant le melange d'un polypeptide produit par le proc6d6 selon I'une quelconque des 
revendications 38 k 42, avec un excipient pharmaceutiquement acceptable. 

44. Proc£d6 selon la revendication 43 pour la preparation d'un vaccin. 

45. Procede d'essai immunologique pour la detection d'un antig&ne de HCV dans un echantillon, compre- 
nant: 

(a) la foumiture d'une composition d'anticorps anti-HCV comprenant des anticorps qui fixent (edit 
determinant antig^nique d'un polypeptide tel que d£fini dans Tune quelconque des revendications 1 
k 4 ou 7 k 15, qui est 

(a) une composition purifi£e d'anticorps polyclonaux, ou 

(b) une composition d'anticorps monoclonaux; 

(b) I'incubation d'un 6chanti1lon avec ladite composition d'anticorps anti-HCV, dans des conditions 
permettant la formation d'un complexe antigfene-anticorps; et 

(c) la determination de la formation d'un complexe antigfene-anticorps comprenant I'anticorps anti- 
HCV. 

46. Procede selon la revendication 45, dans lequel les anticorps anti-HCV sont fixes sur une phase solide. 

47. Procede de culture du virus de I'hepatite C (HCV) comprenant la fourniture de cellules infect6es par le 
HCV et la propagation desdites cellules in vitro, ledit HCV etant caracterise par 

(I) un genome k ARN forme d'une chathe positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

48. Procede s Ion la r vendication 47, dans lequel ladite polyprotein comprend une sequence d'aminoaci- 
des ayant une homologie d'au moins 60 % avec la sequence de 859 aminoacides sur la figure 14. 
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49. Proc6d6 selon la r vehdication 47 ou 48. dans lequet lesdites cellules comprennent des cellules 
primaires. 

50. Proc6d6 selon la r vendication 47 ou 48, dans lequel lesdites cellules comprennent une Iign6e 
5 cellulaire. 

51. Proc6de selon Tune quelconque des revendications 47 d 50, dans lequel lesdites cellules sont des 
h£patocytes ou des macrophages. 

io 52. Precede de production d'un antig&ne pour I'essai immunologique du virus de I'hepatite C (HCV), le 
HCV etant caracterise par 

(I) un genome k ARN forme d'une chalhe positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
75 40 % avec la sequence de 859 aminoacides sur la figure 14, 

ledit antig&ne comprenant un determinant antigenique immunologiquement r^actif avec un anticorps 
anti-HCV, 

(a) ledit anticorps anti-HCV etant immunologiquement r^actif avec un determinant antigenique de 
reference (I) cod6 par un segment d'insertion d'ADNc de HCV dans la banque de X-gt1 1 d£pos£e & 

20 V American Type Culture Collection (ATCC) s ous le n° 40394, ou (IJ) represents sur la figure 47; et 

(b) ledit determinant antigenique de reference etant immunologiquement r^actif avec des scrums 
provenant de sujets humains infects par le HCV; 

qui comprend la fixation & une phase solide dudit antigfene pour I'essai immunologique. 

25 53b Proc£d£ selon la revendication 52, dans lequel ledit determinant antigenique de reference est 
represent^ sur la figure 14. 

54. Polypeptide immobilise pour utilisation dans I'essai immonologique de Tune quelconque des revendica- 
tions 1 & 15, caracterise en ce que le polypeptide comprend un determinant antigenique apte & §tre 

30 fixe par un anticorps anti-HCV tel que defini dans la revendication 1. 

55. Polypeptide sous forme pratiquement isoiee, comprenant une sequence contigue d'au moins 10 
aminoacides cod6e par le genome du virus de I'hepatite C (HCV) et comprenant un determinant 
antigenique, le HCV etant caracterise pan 

35 (I) un genome & ARN forme d'une chathe positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

40 56. Polypeptide selon la revendication 55, qui est tel que defini dans I'une quelconque des revendications 
2&4ou7& 15. 

57. Polynucleotide sous forme pratiquement isoiee, comprenant une sequence contiguS de nucleotides, qui 
est apte & I'hybridation selective avec le genome du virus de I'hepatite C (HCV) ou son complement, le 

45 HCV etant caracterise par 

(I) un genome & ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

50 

58. Polynucleotide selon la revendication 57, qui est tel que defini dans I'une quelconque des revendica- 
tions 17 & 21 ou 24 & 26. 

59. Necessair d' ssai comprenant une sond polynucleotide s Ion la revendication 58 dans un contenant 
55 approprie. 

60. Necessaire pour la reaction d polymerisation en chaTne (PCR), comprenant une paire d'amorces 
capables d'amorcer la synthase d'ADNc dans un reaction PCR, chacune desdites amorces etant un 
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polynucleotide selon Tune quelconque des revendications 16 & 21. 

61. N6cessaire pour PGR selon la revendication 60, comprenant en outre une sonde polynucieotidique apte 
& ('hybridation selective avec une region du g£nom du HCV situ£e entre et ne compr nant pas les 

5 sequences du HCV desquelles sont d6riv6es les amorces. 

62. Polynucleotide d'ADN codant pour un polypeptide, lequel polypeptide comprend une sequence 
contiguS d'au moins 10 aminoacides codee par le genome du virus de I'hepatite C (HCV) et 
comprenant un determinant antigenique, le HCV 6tant caracterise par 

10 (I) un genome & ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

(III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 
40 % avec la sequence de 859 aminoacides sur la figure 14. 

75 63. Polynucleotide d'ADN selon la revendication 62, qui est tel que defini dans Tune quelconque des 
revendications 28 & 35. 

64. Vecteur recombinant comprenant une sequence codante qui comprend un polynucleotide d'ADN selon 
la revendication 62 ou 63. 

20 

65. Cellule hdte transform^ par un vecteur recombinant selon la revendication 64, dans lequel la 
sequence codante est fonctionnellement liee & une sequence regutatrice capable de produire I'expres- 
sion de la sequence codante par la cellule hdte. 

25 66. Composition d'anticorps anti-HCV comprenant des anticorps qui se lient audit determinant antigenique 
d'un polypeptide selon la revendication 55 ou 56, qui est (a) une composition purine d'anticorps 
polyclonaux, ou (b) une composition d'anticorps monoclonaux. 

67. Composition selon la revendication 66, dans laquelle les anticorps anti-HCV sont fixes sur une phase 
30 solide. 

68. Necessaire d'essai immunologique comprenant une composition d'anticorps anti-HCV selon la revendi- 
cation 66 ou 67, dans un contenant approprie. 

35 69. Polypeptide comprenant une sequence contiguS d'au moins 10 aminoacides codee par le genome du 
virus de I'hepatite C (HCV) et comprenant un determinant antigenique, dans lequel ladite sequence 
contigue est soudee h une sequence d'aminoacides non-HCV, le HCV etant caracterise par 

(I) un genome k ARN forme d'une chaTne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

40 (III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 

40 % avec la sequence de 859 aminoacides sur la figure 14. 

70. Polypeptide selon la revendication 69, qui est tel que defini dans I'une quelconque des revendications 
39 k 42. 

45 

71. Antig&ne pour I'essai immunologique du virus de I'hepatite C (HCV) et fixe sur une phase solide, le 
HCV etant caracterise par 

(I) un genome & ARN forme d'une chatne positive; 

(II) ledit genome comprenant un cadre de lecture ouvert (CLO) codant pour une polyproteine; et 

so (III) ladite polyproteine comprenant une sequence d'aminoacides ayant une homologie d'au moins 

40 % avec la sequence de 859 aminoacides sur la figure 14, 
ledit antig&ne comprenant un determinant antigenique immunologiquement reactif avec un anticorps 
anti-HCV, 

(a) ledit anticorps anti-HCV etant immunologiqu ment reactif avec un determinant antigeniqu de 
55 reference (I) code par un segment d'insertion d'ADNc de HCV dans la banque de X-gt11 d6posee & 

V American Type Culture Collection (ATCC) sous I n° 40394, ou (II) represent^ sur la figure 47; et 

(b) ledit determinant antigenique de refer nee etant immunologiquement reactif av c des serums 
provenant de sujets humains inf ctes par le HCV. 
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72. Antigone do HCV seton la r vendication 71, dans lequel ledit determinant antigSnique de r6f6rence est 
represent^ sur la figure 14. 

5 
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FIG. I Translation of DNA 5-1-1 

AlaSerCysLeuAsnCysSerAlaSerllelleProAspArgGluValLeuTyrArgGlu 

1 GGCCTCCTGCTTGAACTGCTCGGCGAGCATCATACCTGAC^ 

CCGGAGGACGAACTT6ACGAGCCGCTCGTA6TATGGACT6TCCCTTCAGGA6ATG6CTCT 

PheAspGluMetGluGluCysSexGlnHisLexiProTyrlleGluGlnGlyMetMetLeu 

6 1 GITQsATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCS 
CAAGCTACTCTACCTTCTCACGAGM 

AlaGluGlnPheLysGlnLysAlaLeuGlyLeu 
121 CGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC 
GCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG 



FIG. 3 Translation of DNA 5-1-1,81,91*1-2 

GlyCysValVallleValGlyArgValValLeuSerGlyLysProAlallelleProAsp 
1 CTGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTC 
GACCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGAC 

T 

ArgGluValLeuTyrArgGluPheAspGluM^ 

6 1 ACAGGGAAGTCCTCTACCGAGAGTTOTATGAGATGGAAGAGTGCTCTCAGCACTTACCGT 

TGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTTO 

A 

IleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGlyLeuLeuGln 
121 ACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTC 

TGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACG 

ThrAlaSerArgGlnMaGluVallleAlaProAlaVal^ 

181 AGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGGCAAAAAC 
TCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACCGTT^ 

GluThrPheTrpMaLysHisMetTrpAsnPhelleSerGlylleGlnTyrLeuAlaGly 
241 TCGAGACCTTCTGGGCGAAGCATATGTGGAA^ 

AGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACCGCC 

I^uSerThrLeuProGlyAsnProAlalle^ 
301 GCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTGCTG 
CGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGTCGACGAC 

ThrSerProLeuThrThrSerGln 
361 TCACCAGCCCAGTAACCACTAGCCAAA 
AGTGGTCGGGTGATTGGTGATCGGTTT 
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FIG. 4 Translation of DNA 81 

SerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMet 
1 GTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGAT 
CAGGCCCTTCGGCCGTTAGTATCGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTA 

GluGluCysSerGlnHlsLeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPhe 
6 1 GGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 
CCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAA 

LysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaPro 
121 CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC 
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGOGCAGGGCAGTCCGTCTCCAATAGCGGGG 

AlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe 
181 TGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTT 
ACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTC^ 

IleSerGlylleGlnTyrLeuMaGlyl^u^ 
241 CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCG 

GTAGTCACCCTATGTTATGAACCGTC^ 

Serl^uMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln 
301 TTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA 
AAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTT 



FIG. 5 Translation of DNA 36 

AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrl^uValAla 
1 GATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCG 
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTT^ 

TyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp 
6 1 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG 
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC 

LysCysLeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeu 
121 AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG 
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTG 

GlyAlaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCys 

181 GGCGCTGTTC^GAATGAAATCACCCTGACGCACCCAGTCACCAAA 

CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG 

MetSerAlaAspLeuGluValValThrScrThrTrpValLeuValGlyGlyValLeuAla 

241 ATGTCGGCCGACCTGGAGGTC^TCACGAGCACCTGGGTGCTCGTTGGCGGOT 

TACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA 



Alal^uMaAlaTyrCysI^uSerThrGlyCysValVallleValGlyArgValValLeu 

301 GCTTTGGCCGCGTATTGOITGTCAA 

CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 

Overlap with 81 

SerGlyLysProAlallelleProAspArgGluValLeuTyrArg 
361 TCCGGGAAGCOGGCAATCATACCTGACAGGGAAGTCCTCTACOGAG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTC 
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FIG. 6 Combined ORF of DMAs 36 & 81 



AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAla 
1 GAT6CCCACTTTCTATCCCAGACAAAGCA6AGTGGGGAGAACCTTCCTTACCTGGTAGCG 
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGC 

TyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp 
6 1 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG 
ATGGTTCGGTGGCACACGOGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC 

LysCysLeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeu 
121 AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG 
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGG 

GiyAlaValGlnAsnGluIlcThrLeuThrHisProValThrLysTyrlleHetThrCys 
181 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGC 
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTAC^ 

MetSerAlaAspLeuGluValValThrSerThrTrpValLeuValGlyGlyValLeuAla 
241 ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGC 

TACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA 

AlaLetiAlaAlaTyrCysLeuSerThi^lyC^sValVallleValGlyArgValVall^^ 
301 GCTTTGGCCGCGTATIX^TGTCAACAGGCTGCGTGGTCAT 

CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 

SertlyLysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMet 

361 TCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTAC 

GluGluCysSei^lnHisLeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPhe 
421 GAAGAGTGCTCTCAGCACTTACOGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTC 
CTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAG 

LysGlnLysAlal^uGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaPro 
481 AAGCAGAAGGCCCTCGGCCECCTGCAGACCGCGTCCOG 
TTCGTCTTCCGG^AGCCGGAGGACGTCTGGCGCAGGG 

AlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe 

54 1 GCTGTCCAGACCAACTGGGAAAAACTCGAGACCTTCTGGGCGAAGCATAT 
CGACAGGTCTGGTTGACCGTTTTTGAGC^ 

IleSerGlylleGlnTyrl^uAlaGlyLeuSe^ 
601 ATCAGTGGGATACAATACTTGGOGGGCTTGTCAACGCT^ 
TAGTCACCCTATGTTATGAACCGCCCXyUVCAG 

SerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrT 
661 TCATTGATGGCTTTTACAGCTGCTGTCA^ 

AGTAACIACCGAAAATGTCGACGACAGTGGTCGGGTGAT^ 
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FIG. 7 Translation of DMA 32 



Overlap with 81 

PheThrAlaAlaValThrterProLeuThrThrSerGlnThrLeuLeuPheAsnlleLeu 

1 CTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCC 
GAAAATGTCGACGACAGTGGTCGGGTGATT^ 

GlyGlyTrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAla 
6 1 TGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGC 
ACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGC 

GlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeu 

121 CTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCC 
GACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGG 

AlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSerGlyGl^ 

181 TTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAA 

AACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCAC 

ValProSerThrGluAspI^uValAsnLeuLeuProAlalleLeuSerProGlyAlal^ 
241 AGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCC 
TCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGG 

ValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAla 
301 TCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCAOGTTGGCCGGGGCGAGGGGG 
AGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCC 

ValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
361 CAGTGCAGTGGATGAACOGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC 
GTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG 
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FIG. 8 Translation of DNA 35 




TACA^CTCAGCAGGCAGGAGAC^CTCACGATACTGCGTC 



cvsGlnAspHisLeuGliiPheTrpGluGlyvalPheThrGlyLeuThrHisIleAspAla 

•> a l TGCrAGGACC^TCTTGAATTTTGGGW 
A^GGTCC^AGAACTTA^ 



HisPheLeuSerGlnThrLysGlnSerGlyGluAsnl^uProTyrl^uValAlaTyrGln 

301 ^SSS^SSSSSSSSI^SSS^^^ 



Overlap with 36 



AlaThrValCysAlaArgAlaGiriAlaProProProSerTrpAspGlnMetTrpLysCys 
361 GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAMTGT 
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 



i^uIleArqLeuLysPTOThrLeuHisGlyProThrProl^uLeuTyrArgLeuGlyAla 

421 TTGATTCGCCTCAAGOCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT 
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA 
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PIG. 9~l Combined ORF of DNAs 35,36,81 6 32 

SerlleGluThrlleThrl^uProGlnAspAlaValSerArgTI^lnArgA^ly^ 

1 TCCATTGAGACAATCACGCTCCCCCAGGATGCTGT^CC^TC^TC^^C^ 
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCC 

61 TGACCGTCO*a:ra 

MetPheAspSerSerVall^uCysGluCysTy^spAlaGl^^^P^l^ 
121 ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATCAGCTC 
TACAAGCTCAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG 

ThrProAlaGluThrThrValArgLeuArgAlaTyrtte^ 

181 ACGCCCGCCGAGACTACAGTTA(MCTACGAGCGTACATGAACAC^ 

TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC 

rvsGinAspHisLeuGiuPheTrpGiuGlyValPheT^ 

2 4 1 TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTC 

ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG 

HisPhel^uSerGlnThrLysGlnSerGlyGluAsnLeuProTyrf^Va^a^rtln 
301 CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGGGTACC^ 

GTCaJUgATAG^TCTGTTTCGTCTCACCC 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGln^^LysCys 

3 6 1 GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATCTGGA^TGT 

CGGTGGG^CACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 

l^uIleArgI^uLysProThrLeuHisGlyProThrProI^uI>uTyrArg^GlyAla 

421 TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATAC^^ 

AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA 

ValGlnAsnGluIleThrl^uThrHlsProValThrLysTyrlleHetThrCysMetSer 
481 GTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATCTCG 
CAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGC 

AlaAspl^uGluValValThrSerThrTrpValLeuValGlyGlyVall^uA^^al^ 

541 GCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGG^TC 

CGGCTGGACCTCCAGCAGTGCICGTXMACCCACGAGCAACCGCCGCAGGACCGACGAAAC 

AlaAlaTyrCysLeuSerThrGlyCysValVallleVa^ 
601 GCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGO^ 
CGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCOT 

LysProAlallelleProAspArgGluVall^uTyrArgGl^ 

661 AAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAG^ 

TTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTC 

CysSerGlnHisI^uProTyrlleGluGlnGlyMetMetl^^ 

721 TGCTCTCAGCACTTACCGTACATCGAGCJU^^ 

ACGAGAGTCGTCAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTC 

LysAlal^uGlyLeuI^uGlnThrAlaSerArgGlnAlaGluVallle^ 

781 AAGGCCCTCGGCCTCCTGCAGACOKB^ 

TTCCGGGAGCCGGAGGA0GTCTGGCGCAG<K5CA(nC0GTCTCCAATAGOG<KjGACGA 
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GlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisHetTrpAsnPhelleSer 

841 CAGACCAftCTGGCAAAAACTGGAC^CCTTCTGGGCGAAGCATATGTGGAACTTCATCAG^ 
GTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCA 

GlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnProAlalleAlaSerLeu 
901 GGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCC^TTGCTTCATTC 
CCCTATGTTATGAACCGCCGGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAAC 

KetittaPheThrAiaMavalTfirS^ 

961 AIGGCTTTTACAGCTGCTGTCACCAGCCG^CTAACCACTAGCCAAACCCTCCTCTTCAAC 
TACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTG 

IletouGlyGlyTrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheVal 
1021 ATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGG 

TATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACAC 

GlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAsp 
1081 GGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGAC 
CCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTG 

IleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSer 
114 1 ATCCTTGCAGGGTATCGCGCGGGCGTGGCGGGAGCTC^ 

TAGGAACGTCCCATACOGCGCCCGCACCGCCCTCGAGAACACOGTAAGTTCTAGTACTCG 

GlyGluValProSerThrGluAspLeuValAsnLeiiLeuProAlalleLeuSerProGly 

1201 GGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTGvCCCGGA 
CCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCT 

AlaLeuValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGlu 
1261 GCCCTCGTAGTOGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAG 
CGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTC 

GlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
1321 GGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC 
CCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG 

FIG. 9-2 
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FIG. 10 Translation of DNA 37b 



I^uAlaAlaLysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAsp 
1 CTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGAC 
GAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTG 



ValSerVallleProThrSerGlyAspValValValValAlaThrAspAlaLeuMetThr 
6 1 GTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACC 
CACAGGCAGTAGGGCTGGTCGCCGCTAC^CAGCAGCACCGTTGGCTACGGGAGTACTGG 



GlyTyrThrGlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrVal 
12 1 GGCTATACCGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAGACAGTC 
CCGATATGGCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAG 

■ « Overlap with 

AspjPheSerLeuAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaVal 
181 GATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTC 
CTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG 

clone 35 

SerArgThrGlnArgArgGlyArgThr 
241 TCCCGCACTCAACGTCGGGGCAGGACTG 
AGGGCGTGAGTTGCAGCCCCGTCCTGAC 



FIG. II Translation of DNA 33b 



Overlap with 32 

MetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSerProThrHisTyrVal 
1 GATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGT 
CTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCA 

ProGluSerAspAlaAlaAlaArgValThrAlalleLeuSerSerLeuThrValThrGln 
6 1 GCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCA 
CGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGT 

LeuLeuArgArgLeuHisGlnTrpIleSerSerGluCysThrThrProCysSerGlySer 
121 GCTCCTG AGGCGACTGCACCAGTCGATAAGCTCGGAGTGTACCACTC 
CGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTC 

TrpLeuArgAspIleTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeu 
181 CTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGCT 
GACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGA 

LysAlaLysLeuMetProGlnLeuProGlylleProPheValSerCysGlnArgGlyTyr 
241 AAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTA 
TTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCAT 

LysGlyValTrpArgVal 
301 TAAGGGGGTCTGGCGAGTG 
ATTCCCCCAG ACCG CTCAC 
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FIG. I 2 Translation of DNA 40b 

AlaTyrMetSerLysMaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 

1 GGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGA 

CCGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys 
6 1 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTG 
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCAC 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTAC^TGTAG 

IleLeuGlylleGlyThrValLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValVal 

181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT 
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA 

AlaLeiiSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 

301 TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA 



LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC 
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCG 

Overlap with 37b 

LysI^uValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTC 

TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 



IleProThr 
481 CATCCCGACCAG 
GTAGGGCTGGTC 
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FIG. I 3 Translation of DNA 25c 



CysSerLeuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSerSerGluCys 
1 ACTGCAGCCTCACTGTAACCQ\GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGT 
TGACGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCA 



ThrThrProCysSexGlySerTrpLeuArgAspIleTrpAspTrpIleCysGluValLeu 

61 GTACCACTCCATGCTCCGGTTCCTGGCTAAGGGAC^TC 

CAT^TGAGGTACGAGGCCAAGGAGCGATTCCCTGTAGACCCTGACCTATAC^ 

Overlap with 33b 

SerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGlylleProPhe 

121 TGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCT 
ACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGA 



ValSerCysGlnArgGlyTyrLysGlyValTrpArgGlyAspGlylleMetHisThrArg 
181 TTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGGGGACGGCATCATGCACACTC 
AACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCCCCTGCCGTAGTACGTGTGAG 

CysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArglleValGly 
241 GCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCG 
CGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGC 

ProArgThrCysArgAsnMetTrpSerGlyT^ 

301 GTCCTAGGACCTGCAGG AACATGTGG AGTGGGACCTTCCCCATTAATGCCTACACCACGG 
CAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGG 

ProCysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgValSerAlaGlu 
361 GCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAG 
CGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTC 

GluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMetThrThrAsp 
421 AGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTG 
TCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGAC 

AsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 
481 ACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT 
TGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 
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FIG. I 4- 1 Combined ORF of DNAs 40b/37b/3 5/36/81/3 2/33b/25c 

AlaTyrMetSerLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 

1 TGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACAT^ 

ACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuM 
6 1 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTC 

ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCIX^CGCCCAC 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTCTAG 

IleteuGlylleGlyThrValLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValVal 
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
24 1 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT 
CGAGCGGTGGOGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCrc 

AlaLeuSerthrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA 

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC 
GTTGCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCG 

LysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGC^TCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT 
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 

IleProThrSerGlyAspValValValValAlaThrAspAlaLeuMetThrGlyTyrThr 
481 CATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 
GTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATG 

GlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrValAspPheSer 
54 1 CGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAGACAGTCGATTTCAG 
GCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAGCTAAAGTC 

LeuAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaValSerArgThr 
601 CCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGG^^ 

GGAACTGGGATGGAAGTGGTAACTCTGTTAGTGOGAGGGGGTCCTACGACAGAGGGC^TC 

GlnArgArgGlyArgThrGlyArgGlyLysProGlylleTyrArgPheValAlaPro^ 

661 TCAACGTCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAG 
AGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTC^ 

GluArgProSerGlyMetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCys 

721 GGAGCGCCCCTCOSGCATGTTCGACTCGTCCGTC 

CCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCG 

AlaTrpTyrGliiLeuThrProAlaGluThrThxValArgLeuArgAlaTyzttetAsnT^ 

781 TGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATC 
ACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATC 

ProGlyLeuProValCysGlnAspHisLeuGl^ 
84 1 CCOGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCT 
GGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCX3 

ThrHisIleAspAlaHlsPheLeuSerGlnThrL^ 
901 CACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAG 
GTGAGTATATCTACGGGTCAAAGATAGGGTCTGTTTCGTCTCAC 
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LeuValAlaTyzGlnAlaThrValCysAlaArgAlaGlnAlaProProProS 
961 CCTGGTAGCGTACCAAGCCACCGTCTGCGCTAG^ 
GGACCATCGCAlX^TTCGGTGGCACACGCGATCCra 

GlnMetTrpLysCysLeuIleArgteuLysProThrLe^ 
1021 CCAGATGTGGi^TGTTTGATTOGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCT 
GGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGTA^ 

TyrArgLeuGlyAlaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlle 
1081 ATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 
TATGTCTGACCOGCGACAAGTCTTACTTTAGTGGGACTGOGTGGGTCAGTGGTTTATGTA 

MetThrCysMetSerAlaAspLeuGluValValThrSerThrTrpValLeuValGlyGly 

1141 CATGACATGCATGTCGGCCGACCTGGAGGTCGTCAC^ 

GTACTGTACGTACAGCOGGCTGGACCTCCAGCAGTGCTCGTGGACCCAOGAGCAACOGCC 

ValLeuM^aLeuMaAlaTyrCysLeuSexThrGlyCysValVall 

1201 CGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGG 

GCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTC 

ValValLeuSerGlyLysProMallelleProAspArgGluValLeuTyrArgGluPhe 
1261 GGTCGI<;TT<3ICCGGGAAGCCGGCAATC^^ 

CCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCA^ 

AspGluMetGluGluCysSerGlnHisLeuProTyrlleGIuGlnGlyMetMetLeuAla 
1321 CGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGG^ 
GCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTC^ 

GluGlnPheLysGlnLysAlaljeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVal 
1381 CGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCA^ 
GCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGAOSTC 

I leAlaProAlaValGlnThr AsnTrpGlnLysLeuGluThrPheTrpAlaLy sHisMet 
1441 TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTOGAGACCTTCTGGGCGAAGCATAT 
ATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTG 

TrpAsnPhelleSerGlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnPro 

1501 GTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCC 
CACCTTGAAGTAGTCACCCTATGTTATGAACCGCCQ5AACAGTTC 

AlalleAlaSexL^uMetAlaPheThrMaAlaVal^ 
1561 CGCCATTGCTTCATTGATGG C TTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCA 
GCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTO 

Thrl^uI^uPheAsalleLeuGlyGlyTrpVailAlaAlaGlnLeuMaAlaProGlyAla 
1621 AACCCTCCTCTTCAACAIATTGGGGGGGTGGGTGGCTGCCCA 

TTGGGAGGAGAAGTTGTATAACCCCCCXACCCACCGACGGGTC^ 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGly 
1681 CGCTACTGCCTTTGTKX5GCGCTGGCTTAGCTGGCG 

GCGATGACGGAAACACCCGCGA(XGAATCGACCGCGGCGGT 

LysValLeuIleAspIleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeu^ 
17 4 1 GAAGGTCCTCAIAGACATCCTTGCAGGGT^ 

CTTCCAGGAGTATCTGTAGGAAOGTCCCATACCGCGCCCGC^ 

PheLysIleMetSexGlyGluValProS<ir^ 
1801 ATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTTC 

TAAGTTCTAGTACTOGCCACTCCAGGGGAGGTGCCTCCTGGACCM 

IleLeuSerProGlyAlaLeuValValGlyValValCysAlaAlall^LeuArgArgHis 

1861 CATCCTCTOGCCCGGAGGOCtCGTAGTOGGOGTGGTCTGTGCAGCAA 

GTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACAOGTCGTTATG^^ 

FIG. 14 -2valGlyProGlyGluGlyAlaValGlnTrpte 
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1921 CGTTGGCCCGGGCGAGGGGGCAGTGCAGIX^^TGAACCGGCTGATAGCCTTCGCCTCCCG 
GCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGC 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAlaArgValThr 

1981 GGGGAACCATGTTTCCCCCACGCACTACGTGCCXjGAGAGOGATGCAGCTGCCCGCGTCAC 
CCCCTTGGTACAAAGGGGGTGCGTGATGCAOGGCCTCTCGCTACG 

AlalleLeuSerSerLeuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSer 
2041 TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAG 
ACGGTATGAGTCGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTC 

SerGluCysThjrThjrProCysSer^ 
2101 CTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGG ACATCTGGGACTGG ATATG 
GAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATAC 

GluVall^uSerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGly 
2161 CGAGGTGTTGAGOGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGG 
GCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACC 

IleProPheValSerCysGlnArgGlyTyrLysGlyValTrpArgValAspGlylleMet 
2221 GATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCAT 
CTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTA 

HisThrArgCysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArg 
2281 GCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAG 
CGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTCTACAGTTTTTGCCCTGCTACTC 

IleValGlyProArgThrCysArgAsnMetl^SerGlyThrPheProIleAsnAlaTyr 
2341 GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTA 
CTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGAT 

ThrThrGlyProCysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgVal 
2401 CACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGT 
GTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCA 

SerAlaGluGluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMet 
2461 GTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTAT 
CAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATA 

ThrThrAspAsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 

2521 GACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT 
CTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 



FIG. 14-3 
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FIG. 1 5 Translation £ DMA 33c 

AlaValAspPheZlttProValGluAsnI«uGluShTThxMBtArgS«rProValPh«Xhr 
1 GGCGGI6GACTTTATC C CT G T< y SAfiAACCTAGASACAACCAlG>fiGTCCCCGGTGTTCKC 
CCGCCACCTGAAAIXSGGiOCCTCTTGG A TCTCW^ ^ 

XspAsr^erSerProProValValProGlnSerPheGlnValAlaHisLeuHisAlaPro 

61 GGATAACTCCTCTCCACCiUSAGT<KCCCAGAGCTTCCAGGTGGCTCACCTCaVTGCTCC 
CCTATTGASGASAGGTGGTCATCAGGGGGT€TGGAA(&^ 

ThrGlySeiClyLysSer^LyaValProjaaAlaTyrMaAlaGlnGlTTyrLyiVal 

121 (XJZAGGCAGCGGCMJ&G^^ 

GTGTCCGTCGCCGTTTTCC^GGTTCCAGGGCCGACGTAIACGTCGAGTCCO»AIXTTCCA 



LeuValLeuAsnProSerValAlaMaThrLeuGlyPheGlyAlaTyrMetSerLysAla 

181 GCTAGTXCTCAACCCClCIGlTr G CTGCAACAGTGGG ^ ^ 

CGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGTTCCG 

— O ve rlap with 40 b 

HisGlyneAspProA»nneXrgThrGlyValArgThrn«ThrThrGlySerPTO 
241 TCATGGGATCGATCCTA11CAXCAGGACCGGGGTGAGAACAATTACCACTGGCAGOCCCAT 

AGTACCCTaGaaGGAggGXjWSTC^ 



ThrTyrSerTlu^yxGlyLysPheLeuAlaAspGlyGlyC^ 

301 CACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTOGGGGGGCGCTTATGA 
GTGCAZGASGTGGATGCCGTTCAAGGAACGGCIGCCGCCCAOGAGCCCCCCGCGAATACT 



IlelleneCyaAspGluCysHisSerThrAspAlaThrSerlleLeuGlylleGlyThr 
361 CATAATAATTTGTGACGJU»TGCavCTCCACGGATGCCACATCCATCTTGGGCATTGGCAC 
GTATTATTJUUICACTGCTCACGGTGAGGTGCCTAOGGTGXAGGTAGAACCCGTAACCGTG 



valLeuAspGlnAlaGluIhrAlaGlyAlaJu^lAuValVall^uAlaThrAlaThrPro 
421 TGTCCTTGACCAW^USAGACTGCG^ 



PrcGlySerValThrValProHisProAsnlleGluGluV^lal^uSerThrThrGly 
481 TCCGGGCTCCGTCRCT G T GC CCCRTCCCaACATCGAGGAGGTTGCTCTGTCCACCACCXy; 
AGGCCCGAGGCAGTGACAOGGGGTAGGGTTGT^GCTCCTCCAACGAGACAGGTGGTGGCC 



GluneProPheTyrGlyLyaAlalleProLeuGluVallleLysGlyGlyArgHisLeu 

541 AGAGATCCCTTTTTACGGCAAGGCTATCCCCCTOGAAGTAATCAAGGGGGGGAGACAICT 
TCTCTAGGGAAAAATG Cai rr C C UA lAGGGGGAGCrTC^ 



IlePheCysRiaSerLysLysLysCysAspGluLeuAlaAlaLysLeuValAlaLeuGly 

601 CATCTTCTGTCAXTCAJVASAASMGTGCGACGAACTOGCGG 

GTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGGSTTTCGACCAGCGTAACCC 



IleAsnAlaValXlaTyrTyrAr^lyl^uAspValSerVallleProThrSerGlyAap 
661 CRTCRATGCOGTGGCCIRCTACOGCG G l^ITGAO G TGICOGT C ATCCOGACCftGCGGOGA 
GTAGTXACGGCACCGGATGAIGGCGCCAGAACTGCACAGGQUjTAGGGCTGGTCGCCGCT 

V^ValValValAlaThrAspAlal^uMetThrGlyTyzThrGlyAspPheAapSerVal 
721 TGTTGTCGTCGTGGCAACOGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGT 
ACAACAGCAGCACCGTTGGCIAOGGGAGTACTGGCCGATAXGGCCGCTGAAGCTGAGCCA 

IleAspCysAsnThrCys 
781 GATAGACTGCAAIACGTGTG 
CTATCTGACGTTATGCACAC 
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FIG. 1 6 Translation f DNA 8h 



^ fll 



1 CTCCCT<KJICTTGCGGCTCCTC GG ^^ 

GAGGGACGTGAACGCCGJUS»SCCIGGNUIT^^ 



ValJ^ArgArgGiyAspserJU^iyserLeuLeusert'rcKrgi^ 
61 CCXSTGCGCCGGGGGGGTQAXMSCMSGGGQUSOCTGCTGTOGCOOCGGOOCXTXTOCXACT 
GGCACGOGGCCGCCCCACIlflCGTOCOOSTOSGACGACiVGOGGGGCCG ^ 

LysGlySerSerGlyGlyPrcLeuLeuCysProAl^^ 
121 TGAAAfiGCTOCTCGGGGG Ul^IlMX B iTOil KSCCCC G O GG 
ACTTTCO»GGAG(XCOCaGGa»CNtf^^ 



Overlap with 

AlaAlaVal(^sThrArgGlyValJaaLy«AlaValJ^Ph^eProValGluAsnLcu 

_ JGGSGGGGTGTGGACSQGTGGAGTGGCTASfiGGGGTGGACTTTAICCCTGTGGA^ 
CCCGGCGC<^(^CGTGGGOlCCTCACay^ 



33 c- 



GluThrThzHetArgSerProValPheXhrAspAsnSer 
241 TAGAGACAACCATGAGGTCCCCGGTGTTCAGGGATAACTCCTC 
ATCTCTGTTGGTACTCeAGGGGCCACAAGTGCCTArTGA^ 



FIG. 17 Translation of DNA 7e 

GlyTrpArgI«uI*uAlaProneThrAlaTyr^ 

1 GGGGTGGAGGTTGCTGGCGCCCATCAGGGCGTAGGCOCAGCAGACAAGGGGCCTCCT^ 
CCCC^CCrcCAACGACCGCGGGTAGTGCCGCATO^^TCG'^^ 

CysIlelleThrSerLeuThrGlyArgAspLysAanGlnValGluGlyGluValGlnlle 
61 GTGCATAATCACCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGAT 
CAOTTATTAGTGGTCGGATTGACCGGCCCTGTTTTTG^ 

ValSerThrAlaAlaGlnThrPheLeuAlaThrCyan^ 
121 TGTGTCAACTGCTGCCCAAACCTTCCTGGCAAOGTGCATCAATGGGGTGTGCTGGACTC 
ACACAGTTGACGACGGGTTTGGAAGGACCGTXGCAGGTAfiTTACCCCAGACGACCT^ 

TyrHisGlyAlaGlyThrArgThrneAlaSarProLysGlyProValll rGlitftetTyx 

181 CTACCACGGGGCOGGAAOGAGGACCATCGCGTCACOCAAGGGTCCTGTCATCCAGATGTA 
GATGGTGCCCCGGCCIU^TCCT GG TAGCGCA G I ^ TTC^ 

ThrAsnValAspGlnAspLeuValGlyTrpProAlaProGl^ 
241 TACCAATGTAGACCAAGACCTTGTGGGCTGGCCOGCTCCGCAAGGTAGC^ 

ATGGTTACATCTGGTTCTGGAACACCOGACCGGGCGAGGCGTTCCATCGGOGAGTAACTG 



Overlap with 8 h 

ProcysThrCysGlySerSerAspLeuTyrLeuValThrArgHis 

301 ACCCTGCACTTGCGGCTCCTOGGACCTTTACCTGGTCAOGAGGCACG 
TGGGACGTGAACGCCGAGG3UKC T GG AAA TGG A CC A GT G CTO0GT G C 
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FIG. 18 Translation of DMA 14c 



AsnMetTrpSerGlyThrPheProIleJ^nAlaTyrThrthrGlyPro^sTh^o^u 

1 OP ACATGTXMAGTGGGACCTTCCCCATTAA^ 

CTTGTACACCTCACCCTGGAJU^^GTAATTACGGATGTGGTGCCCGGGGACATCGGGGGA 







——Overlap with 25c — . „JT~77 

ProMaProAsaTyrThrPheAlalieuTrpArgValSerAlaGluGluTyr^^GluIle 

gSTGGGGCGAACTACftCGTT C GCGCgASGGJUaG G T G TCSSC^ 
AGGACGCxkCTTGAIG^^ 



ArgGlnValGlyAspPheHisT7rValThrGlyHetThrThrAspAsnLeuLy«Cy«Pxo 

121 AAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTTAAATGCtt 
TT(XGTCCACCCCCT<»AGGTGATGaUZre^ 



CysGlnValProSerProGluPhePheThrGluLeuAspGlyValArgLeuHisArgPhft 

181 GTGCCAGGWXC^CGCCO^TTTTTCACAGAAT^^ 

CACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTAAGCTGCCCCACGCGGATGTATCCAA 

AlaProProCysLysProI^uI^uArgGluGluVeaSerPheArgValGlyl^uHisGlu 

241 TGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCA^ 

ACGCGGGGGGACGTTCGGGAACGAOGCCCTCCTCCAIAGTAAtnCTCATCCTGMtoA 

TyrProValGlySerGlnl^uProCysGluProGluProAspVaJMaValLeuThrSer 

301 ATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACOMACGTGGCQGJGTTGACGTC 
TATGGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCGGCACAACTG 

MetlieuThrAspProSerHlsIleThrAlaGluAlaAlaGlyArgArgLeuAlaArgGly 

361 aVTGCTCACTGATCCCTCCCATATAACAGQUSAGGCGGCOGGGCGAAGGTTGGCGAGGGG 
GTACGAGTGACIAGGGAGGGTATATIGTCGTCTCCGCCGGCCOGCXTCCAACCGCICCCC 

SerProProSerValAlaSerSerSttAlaSerGlnLeuSerAlaProSerLeiiLyaAla 
421 ATC^CCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCT CAAGG C 
TAGTGGGGGGAGACACOGGTCGAGGAGCCGATCGGTCGAXAGGCGAGGTAGAGAGTTCCG 

ThrCysThrAlaAsnHlsAspSerProAsp 

481 AACTTGCACCGCTAACCATGACTCCCCTGAT 
TTGAACGTGGCGATTGGTACTGAGGGGACTA 
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FIG. 1 9 Translation of -DHA 8f 

Overlap with 14c— 

SerSerSerAlaSerGl nLwuSwAI a P roSerLeuLysAlaThrCysThrAlaAsnHis 

1 AGCTCCTCGGCTAGCCJUKrUVTCCGCTCCAT^^ 

TCGaGGAGCCGATCGGTCGAIAGGCGAGGTlUSftfiA G lU ^ 



AspSerProAspAlaGlia^uIleGluAlaAsnLeuLettTrpArgGlaGluMetfilyGly 

61 GACTCCCcraixrcT<rarcTcaxN2Mre 

CTGAGGGGACTAOGACTCG&GT A XCTCC G GTTOGiMSGATACC 
AsnlleThrArgValGluSerGluAsnLysValVallleLeuABpSerPheXspProLeu 

121 JACATCACCW3GGTTGAGT<»GAAAACWU^ 

TTGTAGTGGTCCCAACTCRGTCTTTTGTTTC^^ 

VedAlaGluGluAspGluArgGlxilleSerValProAlaGluIleLeuArgLysScrArg 
181 GTGGCGGASGAGGAOGAGOGGGAGAXCTCCGTACOCGCA^ 

€£<QCG€€TCCTCCTGCTGGCGCTCTAS£GGGASGGGCST€TTTA^^ 

ArgPhaAlaGlnAlaLeuProValTrpAlaArgProtepZy^^ 

241 AGATTCGCCCAGGCOCTGOCGGTTTGGGCG0GGC0GGACXA3M0C0000GCZAfiTGGM 
TCTAAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGAZAT1GGGGGGCGAICACCTC 

ThrTrpLysLysProAspTyrGlUProProValValHlsGlyC78ProL«uProProPro 

301 ACGTGGAAAAAGCCOGACTACGAACCACCTGTGGTCCIITGGCTGTCOGCTTCCACCTCCA 
TGCACCTTTTTCGGGCTGATGCTTGGTGGACACCA^^ 

LysSerProProValPro 

361 AAGTCCCCTCCTGTGCCG 
TTCAGGGGAGGACACGGC 



FIG. 20 Translation of DMA 33 f 



ValTrpAlaArgProAspTyrAsnProProLeuValGluThrTrpLysLysProAspTyr 

1 CGTTTGGGGGCGGCO3GACTAXAA0CCCCCGCIAGTGGASAGG 

GCAAACCOGCGCCGGCCTGATATTGGGGGGOGATCACCTCTGCACCTTTTTTGGGCT^ 

Overlap vith 8f 

GluProProValVal H1 «G1 yCysProLeuProProProLysSerProProValProPro 

61 CGAACCACCTGIGGICCAIGGCTGCCe S CTT C C^^ 
GCTTGGTGGACACCN5GTAOOGAGGGGGGAAGGTGGJU2G 

ProArgLysLysArgThxVaiyall^uThzGluSerThrZAuSerThrAlaLeuAlaGlu 

121 GCCTGGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTAXCTXCTGC^ 
CGGAGCCTTCTT03CCTGCCACC1U»^TGA^^ 

LeuAlaThrArgSerPheGlySerSerSerThrSerGlylleT^^ 

181 GCTCGCCAGCASA&GCTTTGGCAGCTCCTCAACTTCCGGCATTAGG^ 

CGAGCGGTGGTCTTOGAAACCGTCGAGGAGTTGAASGCCGTAATGCCCGCTGTTATGCTC 

ThrSerSexGluProAlaProSexGlyCysProProAsi>S«rAspAlaGluSerPhe 

241 AACATCCnxnX^lGCCCGCCCCnXllX^GCTGCCCCCCCGAC^^ 

TTGTAGGASACTCSGGCGGGGAAfiACCGACGGGGGGGCTGAfiGCTGOGACI^^ 



FIG. 21 
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Translation of DMA 33g 



AlaSerArgSerPheGlySerSerSerThrSerGlyUeT^ 

1 GCCTCCAGAAGCTTTGGCAGCTCCTCAA^ 
CGGAGGTCTTCGAAACCGTCGAGGAGTTCAAGG 

Overlap with 33f 
SerSerGluProAlaProSexGlyCysProProAspSerAs^^ 

61 TCCTCTGAGCCCGCCCCTTCTGGCTG^^ 

AGGAGACTOGGGCGGGGAAGACCGAGGGGGGGGCTGAGGCTG 

MetProProlAuGluGlyGluProGlyAspPrcAspL^^ 
121 ATGCCCCCCCTGGAGGGGGAGCCTGGGGA^ 
TACGGGGGGGACCTCCCCCT06GACCCCTAGG 

ValSerSerGluAlaAsnAlaGluAspValValCysCysS^^ 
181 GTOtfSTAGlGAGGCCAACGCGGMGMGTC 
CAGTCATCACTCCGGTTGCGCCTCCT^^ 

GiyAlaI*uValThrProC^sAla^^ 
241 GGCGCACTCGTCACCCCtnGCGCGGCGGAAGAAGW^^ 
CCGCGTGAGCRGTGa^^CGCGGCG ^ 

AsnSerLeuLeuAr^HisHisAsnl*^^ 

301 AACTCGTTGCTI^TCACCAC&AZTIGGTC 

TTGAGCAACGATGCAGTGGTGTTAAACCACATAAGGTGOT 



FIG. 22 Translation of DNA 7f 

GlyThrTyrValTyrAsnHisI^uThrProLeuArgAspTrpAlaHisAsnGlyLeuArg 

1 GGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGA 
CCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCT 

AspLeuMaValAlaValGluProValValPheSerGlnMetGluThrLysLeuIleThr 
6 1 GATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCACG 
CTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGC 

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelleAsnGlyLeuProValSerAla/rg 
121 TGGGGGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCCGC 
ACCCCCCGTCTATGGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGGCG 



ArgGlyArgGluIleLeii^uGlyProAlaAspGlyMetValSerLysGlyTrpArgLeu 
181 AGGGGCCGGGAGATACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGTTGGAGGTTG 
TCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCAACCTCCAAC 



I^uAlaProIleThrAlaTyrAlaGlnGlnThrArgGlyLeuLeuGlyCysIlelleThr 
241 CTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACC 
GACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCCCACGTATTAGTGG 

Overlap with 7e 

SerLeuThrGlyArgAspLysAsnGlnValGluGlyGluValGlnlleValSerThrAla 

301 AGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTGTCAACTC 

TCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGACGA 



AlaGlnThrPheLeuAlaThrCysIleAsnGlyValCysTrp 

361 GCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTGG 
CGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACC 
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FIG. 23 Translation of DNA lib 

GlyGlyValValLeuValGlyLeuMetAlal^uThrLeuSerProTyrTyrLys 
1 GGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTAT 
CCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATA 

ileSerTrpCysI^uTrpTrpLeuGlnTyrPheLeuThrArgValGltiAlaGlnLeuHis 
6 1 ATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCG^ 

TAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTG 

ValTrpIleProProLeuAsnValArgGlyGlyArgAspAlaVallleLeuLeuMetCys 

121 GTGTGG ATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATC 
CACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAA 

AlaValHisProThrLeuValPheAspIleThrLysLeiiLeuLeuAlaValPheGlyPro 
181 GCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCC 
CGACATGTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGG 

I^uTrpIleLeuGlnAlaSerLeuLeuLysValProTyrPheValArgValGlnGlyLeu 
241 CTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTT 
GAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGG^ 

LeuArgPheCysAlaLeuAlaArgLysMetlleGlyGlyHisTyrValGlnMetVallle 
301 CTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCOVTTACGTGCAAATGGTCATC 
GAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAG 



IleLysLeuGlyAlaLeuThrGlyThrTyr^^ 

361 ATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGAC 
TAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTC 

Overlap with 7f 

TrpAlaHisAsnGlyLeuArgAspLeuAlaValAlaValGluProValValPheSerGln 
421 TGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCC^ 
ACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTT 



MetGluThrLysLeuIleThrTrpGly 

481 ATGGAGACCAAGCTCATCACGTGGGGGGC 
TACCTCTGGTTCGAGTAGTGCACCCCCCG 
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FIG. 24 Translation of DMA 141 

GluTyrValValLeuLeuPheLeiiLeuLeuAlaAspAlaArgValCysSerCysl^uTrp 

1 G(KMTAOGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGOGCGTCTGCTCCTGCTTGT 
CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAACA 

MetMetLeuLeuIleSerGlnAlaGluAlaAlaLeuGluAsnLeuVallleLeuAsnAla 
61 GGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACTTAATG 
CCTACTACGATGAGTATAGGGTTCGCCTCCGqCGAAACCTCTTGGAGCATTATGAATTAC 

MaSexLeuAlaGlyThrHisGlyLeuValSerPheLeuValPhePheCysPheAlaTrp 
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCGTGTTCTTCTGCTTTGttX 
GTCGTAGGG ACCGG CCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAACGT A 

TTrl^uLvsGlyLysTrpValProGlyAlaValTyrThrPheTyrGlyMetT^ProLeu 

181 GGTATTTGAAGGGTAAGTGGGTGCCQ5GAGCGGTCTACACCTTCTACGGGATG 

CCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACACCGGAG 

I/suLeuLeuLeuLeuAlaLeuProGln^ 
241 TCCTCCTGCTCCTGTTOTCGTTGCCCCAGCGGGOGTACGCGCTGGACACGGAGGTGGCCG 
AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCACCGGC 



■Overlap with lli) 



SerCysGlyGlyVeavall^uValGlyl^uMetMaLeuThrl^uSerProTyrTyrLys 
301 CGTCGTGTGGCGGTGTTGTTCTOGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACA 
GCAGCACACCGCCACAAOUUSAGOUXXCAAC^^ 



ArgTyrlleSerTrpCysLeuTrpTrpLeuGln 
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGAA 
TCGCGATATAGTCGACCACGAACACCACCGAAGTCTT 

FIG. 25 Translation of DMA 39c 



1 CCAGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTC^ 

GGTCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGGG 



I^uGluGlyGluProGlyAspProAspI^uSerAspGlySerTrpSerThrValSerSer 
61 CTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACA^ 
GACCTCCCCCT^ 



Overlap with 33g — 



QyGTCGGGCAOGCGGCGCCTTCTTGTCTTTGACGGGTAGTTA 



GATG^GTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCTTC 
TTTCAG^^ 



ValLysAloAlaAlaSerLysValLysAlaAsnPhe 

361 GTTAAAGCAGCGGCGTCAAAAGTC5AAGGCTAACTTC 
CAATTTCGTOGCOGCAGTTTTCACTTCCGATTGAAG 
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FIG. 26-I COMBINED ORF OF DNAs 

14i/llb/7f/7e/8h/33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/39c 

GluTyrValValLeuLeuPheLeuLe^^ 
1 GGGAGTACGTOGTTCTCCTGTTCCTTClGCTTGCAGACGCGCGCGTCTGCTrc 
CCCTCATGCAGCAAGAGGACAAGGAAGACGA^ 

MetMetLeuLeuIleSexGlnAlaGluAlaAlaLeuGluAsnLeuVal IleLeuAsnAla 
6 1 GGATGATCCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAAC 

CCTACTACGATGAGTATAGGGTTCGCCTCCGCCGAAACCTCTTGGAGCATTATGAATTAC 

AlaSexLeuAlaGlyThrHlsGlyLeuValSerPheLeuValPhePheCysPheAlaTr^ 
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCGTGTTC 

GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGA 

Tyrl^uLysGlyLysTrpValProGlyAlaValTyrl^ 
181 GGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTC 
CCATAAACTTCCCATTC^CCCACGGGCCTCGCCAGAIGTGGAAGATGCCCTAGACCGGAG 



teul^iiLeuLeul^uMaLeuProGln^ 

TCCTGCTGCTCCTGTTGGGGTTGCCCCAGCGGGCGTACGC^ 
AGGAGGACGAGGACAACCGCAACGGGGTOGCCOGCATGCGGGACCTGTGCCTCC^ 



SerCysGlyGlyValValLeuValGlyl^uMetAla rLy s 

301 CGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCA 
GCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGG 

ArgTyrlleSerTrpCysLeuTrpTrpLeuGlnTyr^ 

361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAG^ 
TCGCGATATAGTCGACCACGAACACCACCGAAG^ 

* 

LeuHi sValTrp I leProProLeuAsnValArgGlyGlyArgAspAlaVal I leLeuLeu 

421 AACTGCACGTGTGGATTCCCCCCCTCAAOGTCCGAGGGGGGCGCGAC^ 
TTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCG 

MetCysAlaValHisProThrl^uValPheAspIleThrLystetiLeuLeuAlaValPte 
481 TCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTG^ 

AGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGA 

GlyProLeuTrpIleLeuGlnAlaSerLeu^^ 
54 1 TCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTALT^ 

AGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACAC^ 

Glyl^uLeuArgPheCysAlaLeuAlaArgLy^ 

601 AAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGA 

TTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTC 

Val I lelleLy sLeuGlyAl aLeuThrGlyThrTyrValTyr AsnHisLeuThr ProLeu 
661 TGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACC^ 

ACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAG 

ArgAspTrpAlaHisAsnGlyLeuArgAspLeuAlaValMaValGluProValValPte 
721 TTCGGG ACTGGGCGCACAAOGGCTTGCGAG ATCTGGCCGTGGCTGTAGAGCCAGTCGTCT 
AAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGAGATCTCGGTC 

SerGliiMetGluThrLysLeuIleThrTrpGlyAlaAapThrAlaAlaCy 

781 TCTCCCAAATGGAGACCAAGCTCATCAGGTGGGGGGCAGATACCGCC 

AGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCOGTCTATGGOGGOGCAOTC 

IleAanGlyLeuProValSerAlaArgArgGlyArgGluIleLeuI^t^lyPxoAlaAsp 
841 TCATCAACGGCTTGCCTGTTTCCGCCO^^^ 

AGTAGTTGCCGAACGGACAAAGGOGGGOGTCCCOGGCCCTCXATGAOGA^ 

GlyMetValSerLysGlyTrpArgLeul^i^ 
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901 ATGGAATGGTCTCC^AGGGGTCXJAGGTTGCTGGCGCC^ 
TA(OTACCAGAGGTTCCCCAC^^ 

ArtiG lyLeuI^uGlyCya II II ThrSerLeuThrGlyArgAa^y«X^lnV*OGlu 

GlyGluValGlnlleValSerThrAlaAlaGlnl^ 
1021 MGGTGAGGTO^ 





1321 cccwtm*^^ 

v«lGlyIlefhe»rgiaa»laV«lCy»Tln«l^rV»l*l«Ia^^ 
*TOGACA(X3CT«^TCTCXGTTGGTACt^ 



ProValValProGlnSerPheGlnValA^ 

1501 i^JgSJS^^ 

SerThrLysValProAlaAlaTyrAlaAlaGlnGlyTy^^^ 

1741 ^^^S^^^^^S^^^axaaemnamtM 

GluThrJaaGlyAlaArsLeuValVall^ 

FIG. 26-2 
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ValProHisProAflDlleGluGluValMal^uSefThrThrGlyGluIleProPheTyr 
CTGTGCCCCATCCCAACATCGAGGAGGTTC 
GACACGGGGTAGGGTTGTAGCTOSCCAAC^^ 

GlyLyaAlallePrd^uGluVallieLysGlyGlyArgHisIieuIlePheCysHisSer 

TGCCGTTCGGATAGGGGGAGCTTCA^ 

LysLyfiLysCysAapGluLeuAlaAlaLyaLeuValAlaLeuGlylleAsnAl 

CAAAGAAGAAGTGCGAOGAACOX^^ 
GTTTCTTCTKAOGCTCCTTGAGOGGOGTTTOGACCM 

TyrfVrArgGlyLeuAflpValSerV^^ 
CCTACTACCGCGGTCTTGAGGTGTCCGTCATOCCGAC^^ 
GGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCX^^ 

ThrAspAlaLeuMetThxGlyTyrThrGlyABpPhaAspSerVallleAsp 

CAACCGATGOCCTCATGACCGGCTATACCGG^ 
GITCGCTAOGGGAGTACTGGCOGATATGG^ 

CysValThxGlnThxValAspPheSer^ 
CGTGTGTCACCCAGACAGTOC^TTTCAGCCTTGACCCTACCTTCACCATT^ 

GCACACAGTGGGTCTGTCAGCTAAW3TCM 



LeuProGlnAspAlaValSerArgThrGlxJ^ 
CGCTCCCCOyGGAlXrcTGTCTCC^ 

GCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGT^ 

GlylleTyrArgPheValAlaProGlyGlu^ 
CAC3GCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTC0GGCATC 
GTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCGT^ 

LeuC^sGluCysTyrAspAlaGlyCysAlaTrpTyi^luLeuThrPrQAlaGluThrT^ 

tcctctctgagtgcimgacgc^^ 

aggagacactcacgatactgcgtccgacacgaaccatactcgagtgcgggcggctc^ 

ValArgLeuArgAlaTyxMetAsnl^ 

CAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCC^ 
GTCAATOOGATGCTOGCATGTACT^^ 

PheTrpGluGlyValPheThrGlyLeuT^ 

AATTTTGGGAGGGCGTCTTTACAGGCCTC^ 

TIAAAACCCTCXXGCAGAAATGTCCGGAGTGAGTATATCTACGGGTGAA 

LysGlnSeiGlyGluAsnLeuProTyr^ 

CAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTA^ 
GTTTCGTClX»OOCCTCTl!GGAA^ 

AlaGlnAlaProProProSei^rrpAspGln^ 
GGGCTCAAGCOTimXX»TCGlGGGA0CAGATGTGGAM 
CCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACAA^ 

ThrLeuHlsGlyProThrProLeuLeuTyrArgLeuGlyAlaValGln^ 

GGTGGGAGGTACCCGGTTGTGGGGAOGATATC^ 

LeuThrHi8PTOValThrLysTyrI1^4etThr<^8MetSerAlaAspI^uGluValV^ 

(XCTGACGCACCCAGTCACCAAATACAT^ 
G03ACTGCGTGGGTCAGTGGTTTATGTAGTAC^ 

ThrSerThrTrpValLeuValGlyGiyValLeuAlaAlaLeuAlaAl 

TCACGAGCACCTCGGTGCTCGTTGGCGGCGTCCTQGCTC 
AGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACOG 

ThrGlyCysValVallleValGlyAr^alVall^uSerGlyLysProAlallellePro 

FIG. 26-3 
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2881 CAACAGGCTGOGTGGTCATAGTGGGCAGGGTCGTCTTGTCOGGGAAGCOGGCAAICASAC 
GTTGTCOGACGCACCAGTATCACOCGTCCCJUX^»ACAGGCCCT^ 

AsnArtrtjluValI«uTyxArgGluPheAspGluMetGluGluC^sScrGlnHiBl^uPro 

2941 ctsaSSggajustcctcxaoogagagttogatgagatggaagagtgctctcagcact 

Tyrll^luGlnGlyMetMetl^uAlaGluGlnPheliysGlnLys^^^lyl^v^u 

3001 G6t1»T06MXM^6G6AIGAIGCT0G006AGCA6T^^ 

GlnThrJdaSerJUxKajiiaaGltfValIle*l^^ 

3061 1GCAGACCGCGTCCCGTX»GGCAGAGGTT^^ 

LeuGluThrPheTrpAlaLyaHisMetTr^ 

3121 lU^CXOGASAOCTTCTGGGCGAAGCRTATGTGGMCTTCATQW 

GlvLeuSertlirLeuProGlyAsnProAlalleAlaSerLeuHet AlaPhe ThrAlaAla 
3181 CGGGCTTGTCAWXKrTGCCTGG13ACC^ 

gcccgm^ 

ValThrSerProLeuThrThrSerGlnThrLmO^^ 
3241 CTGTCACCAGCCCACTRWX^TAGCCAAACCCTCCXCTT^ 
GJVaGTGGTOGGGTGAJCTGGTGATCGGTTTGGG*^^ 

AlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAlaGlyLeuAlaGly 

3301 TGGCXGCCCMXXCGCCGCaXOB^^ 

ACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCXyXXIACCGAATOG^ 

AlaAlalleGlySerValGlyLeuGlyLysValLouIleAspIlel^^aGlyTyrtly 

3361 GCGCCGCCA3CGGCAin«TT«»CT^^ 

CGOGGCGGTAGC(»TCXCAitfX^P(»OCXXrrXC^^ 

MaGlyValAlaGlyAlaLeuValAlaPheLyfllleMetSerGlyGluValProSerThr 
3421 GOGCGG60GTGGC3GGGAGCTCTTGTGGCATTCAMATCATGAGOGGTGAGGTCCCCTOCA 
CGOGCCCGCACCGCCCTCGAGAACACCXITAAGTTCTAGTACTCGCCACTCCAGGGGAGGT 

GluAspLeuValAsnLeuI«uPrcAlaIleLeuSerProGlyAlaLeuValValGlyVal 

3481 CGGAGGACCIGGTCWVaXnaiCTGCCCGC^ 

(^CTCCTGGACCAGTTAGATGAOGGGCGGTAGGAGAGCGGGCCTOGGGAGCAICAGOOGC 

ValCysAlaAla I leLeuArgArgHl sValGlyProGlyGluGlyAlaValGlnTrpMet 

3541 TCCTCTCTGOUKaUlIACTG^^ 

AsnArqLeuIleAlaPheAlaS^ArgGlyAsnHisValSerPrcmurHiBTyiValPTO 

3601 TCJUkCOGGCTGmGCCTWTC^ 

ACTTGGCCXaCXKtOGGAAGCGGAOSGCCCC^^ 

GluSerAspAlaAlaAlaArgValThrAlaIleI^uScrS«I«uThiValT^lnLeu 

3661 oBtaJSksaaxzMxn^^ 

G0CTCTCGCTA0GT0GACG6GCGCAGTGA0GGTATGAGT0GT0GGAGTGACATTGG6TCG 



3721 



LeuArgArgi/MiHisGlnTrpIleSerSerGluCysTh^^ 
TCCTGJU36CGACTGCAGCMTG(^TAAGCTCGGAG 

AGGACTCOGCTGACGTWTCACCXATTCGACCCTCACATGGTGAG6TA06JU56CCAAOGA 

I^uMwAsplleTrpAspTrpIleCysGluValLeuSex^ 

3781 GGCTAMSGGACATCTGGGACTGGATMG^^ 
CCGJUETOCCTCTH^OCCIX^^ 

AlaLysLeuMetProGli^uProGlylleProPheValSexCysGlnArgGlyTyrLys 

3841 MGCIMGCKKKCCH^^ 

TTOGATTOGMTOCGGTGT0GA0GGAO0CTAGG6GAIACACA6GACGGT0G0GCCCX 

FIG. 26-4 
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GlyValTrpArgValAspGlyllete 

3901 AGGGGGTCTGGCGAGTCGAOGGCATCATGCAGAGTOGCT^ 
TCCCO^ACCGCTCACCTGCCGTAG^^ 

GlyHisValLysAsnGlyThrttetArglleVal^^ 

961 CTGGACATClGAAAAAGQGGAGGATGJUvGATOGlCGGTC^^ 
GACCTGTACAGTTTTTGCCCTGCTACTCCTA^ 

Se^lyThrPheProIleAsnJaaTyrMirThrGlyP 

021 GGAGTGGGACCTTCCCCATTAATGCCTACACCAOGGGCCCCTGT^ 

AsnTyrThrPheAlaljeuTrpArgValSerAlaGlu^ 

081 CGAACTACACGTTCGCGCTATGGAG^ 

GCTTGATGTGCAAGCGCGATACCTOCCACAGACGTCTCCTTATA^ 

GlyAspPheHlsTyrValThrGlyMetT^^ 
141 TO^GGACTTOCACTACGTGACGGGTATGAC^ 
ACCCCCTGAAGGTGATGCACTCCCCATACT^ 

ProSerProGluPhfiPheThrGluLeuAspGl^ 
201 TOCCATOGCCOGMTTTTTCACXG^ 



CysLyaProLeuLeuArgGluGluV^ 
261 CCTGCAAGCCCI TCC T GC GGGAGGAGGTATCATTC^GAGTAGGACTCCAOGAA 
GGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTG 

GlySerGlnLeuProCysGluProGluPrc^ 

321 TAGGGTCGCAATTACCTTGOGAG000GJUU:0GG 

ATCCCAGOGTTAATGGAAOGCTOGGGCTTGGOCTGCACOGGCAC^ 

AspProSerHisIleThrAlaGluJUa^ 
381 CTGATCCCTCCCATAIAACAGCAGAGGCGGCOGGGCGAXGGTO 

GACTAGGGAGGGTATATTGTOGTCTCOGCCGGCCOGCTTCCAACOGCTCCCCTAGTGGW 



441 CCTCTGTGGCCAGCTCCTOGGCTAGCCAGCTATCOGCTCCATCTCTCAA^ 
GGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGC^^ 

AlaAsnHiaAspScrPraAflpAlaGluI^uIleGluAlaAflnLeuLe 
501 CCGCTAACCATGACTCCCCTGATGCTGAGCTCAT^ 

GGOGATTGGTACIGAGGGGACTAOGACTOGAGTATCTCOGGT^ 

MetGlyGlyAsnlleThrArgValGluSexG^ 
561 AGATGGGCXSGCAACATCAGCJUKvGTTGJUjTCAGA 
TCTACCCGCCGTTGTAGTGGTCCCAACTCAGTCra 

AspProLeuValMaGluGluAspGluArgGluIleS^xValProAlaGluIleLeuA 

621 TCGATCOGCTTGlGGCX&AGGAGGAOGAGOSGGAGtt 
AGCTAGGCGAACACCGCCTCCTCCT^^ 



LysSerArgAxgPheAlaGlnAlaLeuPro^^ 
681 GGAAGTCTCGGAGATTCGCCCAGGCCCTGCCCX^ 



LeuValGluThrTrpLy8LysProAspTy^ 
741 CGCTAGTGGAGAOGTGGAAAAAGCCOGACTAOGAACCACCTCTGGTCCATG^ 

GCGATCACXITCTGCACCTTTTTCGGGCTGATGCTTK 
ProProProLysSerProProValProProProAr^^ 

801 TTO^CTCaUUfiTCCOT 

AAGGTGGAGGTTTCAGGGGAGGACACGGAGGOGGAGCCTTCTTOG^ 

GluSerThrLeuSerthrAlaLeuAlaGlu^ 

FIG. 26-5 
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4861 CTGAATCMCCCTATCTACTGCCTTGGCCGAGCTCGCCACCAGAAGC^ 
GACTTAGTTGGGATAGATGAOGGAACOGGCTOGAGCGGTGGTCTTO^ 

ThrSerGlylleThrGlyAspAflnThrThrtlirSerSert 

4921 caacttccggcattacgggcgacaatacgacaacAt^ 
gttgaaggccgtaatgcccgctgrtatgctgttc 

ProProAfl pSerAs pAlaGluSerTyrSerSeiH et^roProLei^ 

4981 GCCCCCCXGACTCCGACGCTGAGTCCTATl^^ 

CGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTAC^ 

AspProAspLeuSerAspGlySerTrpSerThxValSerSerGluAlaAsnAlaG 
5041 GGGATCCGGATCTTAGCGAOGGGTCATGGTCAAOGGTCAGTAGTGAGGCCA 
CCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCATCACTC^ 

ValValCysCysSexMetSerTyi^erTrpThrGlyAlaLeuV 

5101 ATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGGCGC^ 
TACAGCACACGACGAGTTACAGAATGAGAACXra 

GluGluGlnLy8LeuProIleAsnAlaI>uSer^ 
5161 CGGAAGAACAGAAACTGCCCATCAATGCACTAAGC^^ 
GCCTTCTTGTCTTTGACGGG1MTTACGTGATTCGTTC 

ValTyrSerThrThrSerArgSerA^^ 
5221 TGCTGTATTCCAGCAOCTCAOGCMT^^ 

AGCACATAAGGTCGTGGJtfSTGOGTCAOGAAO^ 

LeuGlnValLeuAspSerHisTyrGlziAspValLeuLysGluValLysAlaAlaAla 

5281 GACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAGG 
CTGACGTTCAAGACCTGTCGGTAATGGTCCTGCAT^ 

LysValLysAlaAsnLeu 
5341 CAAAA GTGAAGGCTAACTTG 
GTTTTCACTTCOGATTGAAC 



FIG. 26-6 



* 
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FIG. 27 Translation of DNA 12f 

IlePheLysIleArgMetTTrValGlyGlyValGluHiaArgLeuGluAlaAlaCysAsn 
1 CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAAC^^ 
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAG 

TrpThrArgGlyGluArgCysAspLeuGluAspArgAspArgSerGluLei^ 

61 actggacgcggggcgaacgttc<xlatct^ 
tcacctgcgccecgcttgcaacgct^ 

I^uI^uThrThrThrGlnTrpGlnValLeuProCysSerPheThrThrLeuPr^ 

121 TACTGCTGACCACTACACAGTGGCAGGTCCTTC^ 

ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATC 

SerThrGlyLeuIleHisI^uHisGlnAsnlleValAspValGlnTyrLeuTyrGlyVal 

181 TGTCCACCGGCCTCATCCACCTCCACCAGAACMTC 

ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCAOGTCATGAACATGCCCC 



GlySerSerlleAlaSerTrpAlalleLysTrpGluTyrValValLeuLeuPheLeuLeu 
24 1 TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCG^ 

ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCX!TCATGCAGCAAGAGGACAAGGAAG 



LeuAlaAspAlaArgValCysSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGlu 
301 TGCTTGCAGACGCGCGCX3TCTGCTCCTGCTTGTGGATGATGCTACTCA 

ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

Overlap with 141 

AlaAlaLeuGluAsnLeuVallleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeu 

361 AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGGATCCCTGGCOGGGA 
TCCGCCGAAACCTCTTGGAGCATTATGAATTAM 



Val 

421 TTGTATC 
AACATAG 
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FIG. 28 Translation of DNA 35 f 

Overlap with 39c 

I^uLysGluValLysMaAlaMaSerLysValXysAlaAfinLeuLeuSei^alGluGl^ 

1 TGCTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCT 
ACGAGTTCCTCCAATTTOSTC^^ 

AlaCysSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAlaLysAsp 
61 AAGCTTGCAGCCTOACGCCCCCA(^CTCAG 

TTTOAACGTCGGACOJGCGGGGGTCTGAGTCGGTOT 

ValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAspLeuLeu 

121 ACGTCCGTTGCCATGC(»GAAAGGCCGTAACCCACATCAACTCOGTC 
TGCAGGCAACGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGG 

GluAspAsnValThrProIleAspThrThrlleMetAlaLysAsnGluValPheCysVal 

181 TGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTA 

ACCTTCTGTTACATTGTGGTTATCTGTGATGGTAGTACOGATTCTTGCTCCAAA 

GlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyVal 
241 TTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCG 
AAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGG 

ArgValCysGluLysMetAlaLeuTyrAspValValThrLysLeuProLexiAlaValMet 
301 TGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGC 
ACGCGCACACGCTT1TCTACCGAAACATGCTGCACCAAT 

GlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuValGlnAla 
361 TGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGOGGGTTGAATTCCTC 
ACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTO 

TrpLysSerLysLysThrPrcMetGlyPheSer^ 
h 21 CGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCC^ 
GCACCTTCAGGTTCTTTTGGGGTTACXICCAAGAGCATACTATG^ 

ValThrGluSerAspIleArgThrGluGluAla 
481 CAGTCACTGAGAGCGACATCOGTACGGAGG AGGCA 
GTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGT 
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FIG. 29 Translation of DNA 19g 



GluPheLeuValGlnMaTrpLysSerLysLysThrPr<^tGlyPheSerTyrAspThr 
1 GAATTCCTCGTGCAAGCGTGGAAGTC CAAGAAAA 

CTTAftGGAGCACtSTTCGCACCTTCAGGTTCTTTTGGGGOT 

Overlap with 35f 

ArgCysPheAspSerThrValThrGluSerAspIleArgThrGluGluAlalleTyrGln 
6 1 CGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCT^ 

GCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTT 

CysCysAspLeuAspProGlnAlaArgValAlalleLysSerLeuThrGliiArgLeuTyr 
121 TGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTAT 
ACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATA 

ValGlyGlyProLeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgAla 
181 GTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCG 
CAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGC 

SerGlyValLeuThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysAlaArgAla 
241 AGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCA 
TCGCCGCATGACTGTTGATCGACACCATTGTGGGAGTGAACGATGTAGTTC 

AlaCysArgAlaAlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspLeuVal 
301 GCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTC 
CGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTGAA^^ 

VallleCysGluSerAlaGlyValGlnGluAspAlaAla 
361 GTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAG 
CAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTC 
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FIG. 30 Translation of DNA 26g 



24 

GGA 



ttGGGACCCCCCACAACCAGA^ 
£CCCTGGGGGGTGTTGGTCTTATGCTGAACCTC^ 

301 SgISg^ 

CACA^CAGCGGGTGCTCCCGCGACCTTTCTCCCAGATGATG^ 




GlyAsnllelleMetPheAlaProThrl^uTrpAla 
421 GGCAACAT AATCATGTTTGCCCCCACACTG TGGGCG 
CCGTTGTATTAGTACAAACGGGGGTGTGACACCCGC 

FIG. 31 Translation of DNA 15e 



GlyAlaGlyLysArgValTyrTyrLeuThrArg^ 




Overlap with 26g- 



AlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeuGlyAsnllell^etPhe 
61 TGCGTGG^GACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCA 

ACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATCOGTTGTATTAGTACAA 



AlaProThrLeuTrpAlaArgMetlleLeuMetThrHisPhePheSerValLeuIleAla 
121 TGCCCCCACACTGTGGGCGAGGATGATACTGATGACCCATTTCTTTAGCGTOTTTATA^ 
ACGGGGGTGTGACACCOGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATATCG 

ArgAspGlnLeuGluGlnAlal^uAspCysGluIleTyrGlyAlaCysTyrSer^ 
181 CAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACXXMGCCTGCTACTCCATAGA 
GTCCCTGGTCGAACTTGTCOGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCT 

ProLeuAspLeuProProIl HeGlnArgLeu 

241 ACCACTTGATCTACCTOCAATCATTCAAAGACTC 
TGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 
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FIG. 32" I COMBINED ORF OF DNAs 12f through 15e 

IlePheLysIleArgMetTyrValGlyGlyValGluHisArgl^uGluAlaAlaCysAsn 

1 CCATATTTAAAATCAGGATCTACGTGGGAGGGGTCGAACACAGG 

GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTT6TGTCOGACCTT0GA0GGACGT 

TrpThrArgGlyGluArqCysABpI^uGluAspArgAspArgSerGliiI^uSMProI^u 

61 ACTGGACGCGGGGCGAACXTTGCGATCTGGAAGACAGGGACyVGGTCCGAGCT^ 
TGACCTXX>MCCaXSrTGCAAOGCTAGACCTTCTC 

l^uI^uThrThrThrGlnlrpGlnVall^^ 

121 TACTCCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCA^ 

ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA 

SerThrGlyLeuIleHisIieuHisGlnAsnlleValAspValGlnTyrl^Tyra^al 

181 TGTCCACCGGCCIXWXCCMXMXX^^ 

ACAGG1X3GCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATSCWC 



241 




LeuAlaAspAlaArgValCysSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGlu 

301 TGCTTGCAGACXXXJCXSCGTCTGCTCCTGCTTGTGGA 

ACGAACG TCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

AlaAlaLeuGluAsnLeuVallleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyl^u 
361 AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC 
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCCGCCCTGCGTGCCAG 

ValSerPheLeuValPhePheCysPheAlaTrpTyrLeuLysGlyLysTrpValProGly 

421 TTCTATCCTTCCTCGTGTTCTTCTCCTTTGCATGG^ 

AACATAGGAAGGAGCACAAGAAGACGAAACGTATCATAAACTTCCCATTCACCCACGGGC 

AlaValTyrThrPheTyrGlyMetTrpProLeuLcuLeuLeuLeu^^ 

481 GAGCGGTCTACACCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGOGTTGOCCC 
CT0GCCAGATGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGACAACCX3CAACGGGG 

ArgAlaTyrAlal^uAspThrGluValAlaAlaSerC^^ 
541 AGCGGGCGTAOGCGCTGGACACGGAGGTGGCCGCGTCGTGTGGOGGTGTTGTTCTCXWCG 

TCGCCCGCATGCGO»CCTGTGCCKX»^^ 

LeuMetAlal^uThrLeuSerProTyrTyrL^^ 
601 GGTTGATGGC<^TGACTCTGTCACCATATTACAAGC^CTATATCAGCTGGTGCTTGTGGT 

CCAACTACCGCGACTGAGACAGTGGTATAATGTTOGCGATATAGTCGACCACGAACACCA 

I^uGlnTyrPheLeuThrArgValGluAlaGlnLeuHi£iValTrpIleProPrc»LeuAsn 
661 GGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCAOGTGTGGATTCCCCCCCTCA 
CCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGT 

ValArgGlyGlyArgAspAlaVallleLeuLeuMetCysAlaValHisProThrlAuVal 

721 ACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTG^ 

TGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACC 

PheAspIleThrLysLeuLeuLeuAlaValPheGlyProIieuTrpIlel^uGlnAlaSer 

781 TATTTGACATCACCAAATTGCTGCTGGCCGTCITCGGAC^ 

ATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGCT 

LeuLeuLysValProTyrPheValArgValGlnGlyLeuLeuArgPheCyaAlal^uAla 
841 GTTTGCTTAAAGTACCCTACTTTGTGCG0GT0CAAGGCCTTCTCC1GGTTCTGCCCGTTAG 
CAAACXSAATTTCATGGGATGAAACACGCGCAGGTTCCGGAAGAGGCCAAGACGCGCA^ 

ArgLysMetlleGlyGlyHisTyrValGlnMetValllelleLysI^uGlyAlal^uThr 
901 CGCGGAAGATGATCGGAGGCCATTAOGTGCAAATGGTCATCJVTTAAGTTIlGGGG 

GCGCCTTCTACTAGCCTCCGGTAATGCAOGTTTACCAGTAGTAATTCAATCOOCGCGAAT 
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GlyThrTyrValTyrAsnHieLeuThrPro^ 
961 CTCGCACCTATGTTTATAACCATCTCACTCCTC^ 

GACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCT^ 

AspteuAlaValAlaValGluProValValPheSerGlnMetGluThrLysLeuIl Thr 

1021 GAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCT(X 
CTCTAGACCGGCACCGAC^TCTCX^TCAGCAGA 

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelleAsnGlyLeuProValSerAlaArg 
1081 CGTGGGGGGCAGATA00GCOGOGTGOGGTGACATCATCAA0GGCTTGCCTC 
GCACCCCXX^TCTATGGCGGCGCACGCCACTGTAGT^ 

Ai^lyArgGluIleLeuLeuGlyProAlaAs^ 

1141 gcaggggccgggagatactgctogggccagccgatGgaatggtc^ 
cgtccccggccctctatgacgagcccggtcggctaccttaccaga 

I^uAlaProIleThrAlaTyrAlaGlnGlnThrArgGlyLeuLeuGlyCyellelleT^ 

1201 TGCttXJCGCXCATaVCGGCGTACGC^^ 

ACGACCGCGGGTAGTGCOGCATGOGGGTOGTCTGTTCCCC3GGAGGATCCCAOGTATTAGT 

SerLeuBu^lyArgAspLyaAsnGlnValGluGlyGluValGlnlleValSerTte 

1261 CCAGCCTAACTGGCCX^3GACAAAAACCAAGTGGAGGGTGA^ 

GGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCA 

AlaGlnThrPheLeuAlaThrCysIleAsnGiyValCysTrpThrValTy^ 
1321 CTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTGGACTGTCTACCAOQGGG 
GACGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACC^ 

GlyThrArgThrlleAlaSerProLysGlyProVallleGlnMetTyrThrAsnValAsp 

1381 CCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATC 
GGCCTTGCTCCTGGTAGCGCAGTGGGTTC 

GlnAspLeuValGlyTrpProAlaProGlnGlySe^^ 
1441 ACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTT 

TGGTTCTGGAACACCOGACCGGGCGAGGCGTTCCATCX^CGAGTAACT 

GlySerSerAspLeuTyrLeuValThrArgHisAlaAspVallleProValArgArgArg 

1501 GCGGCTCCTCGGACCTTTACCTGGTCAOGAGGGAOGCCGATGTCATTCCCGTGCGCGGGC 
OGCOGAGGAGCCTGGAAATGGACC^GTGCTCCGTGCGGCTACAGTAAGGGCAC^GGGC^ 

GlyAspSerArgGlySexLeuLeuSerProArgPro^ 
1561 GGGGTGATAGCAGGGGCAGCCTGCTGTOGCCCOGGCCCATTT^ 
CCCCACTATCGTCCCCGTCGGACGACAGCGGGGCCX^ 

GlyGlyProLeuLeuCysProAlaGlyHisAlaValGlyllePheArgAlaAlaValCy 

1621 CGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGG^ 
GCCXXttCAGGCGACAACAOGGGGCGCCCC^ 

ThrArgGlyValAlaLysAlaValAspPKelleProValG^ 
16 81 GCACCCXSTGGAGTGGCTAAGGCX^TGGACTTTATCCCTGTGGAGAACCTA 
CGTGGGCACCTCACCGATTCCGCCACCTGAAATAGGGACAOCTCT 

ArgSerProValPheThrAspAsnSerSerProPr^^ 
174 1 TGAGGTCCCGGGTCTTCAOGGATAACTCCTCTCCAOCAGTAGTGCCCCAGAGCTTOCAGG 
ACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGGTGGTCATCAOGGGGT^ 

AlaHisLeuHisAlaProThrGlySerGlyLysSerThrLysValProAlaAlaTyr^ 
1801 TGGCTCACCTCCATGCTCCCACAGGCAGOGGCAAAAGCACCAAGGTC 
AOSGAGTGGAGGTACGAGGGTGTCCGTOGC^ 

MaGlnGlyTyrLysValLeuValLeuAsnProSexValAlaAlaThrLeuGl 

1861 CAGCTCAGGGCTATAAGGTGCTAGTACTC^ 

GTCGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACGTTGTC^ 

AlaTyrMetSerLysAlaHlsGlylleAspProAsnlleArgThrGlyValAr^ 

FIG. 32-2 
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1921 GTGCTTACATGTCCAAGGCTCATGGGATCG^ 
CACGAATGTACAGGTTCCGAGTACCC^ 

ThrThrGlySerProIleThrTyrSexThr^^ 
1981 TTAC^CTGGCAGCCCOITCACGTACTCCACCT^ 

AATGGTGACOGTOGGGGTAGTGGATGAGGTGGAIX^ 

SerGlyGlyMaTyrAspIlellelleCysAspGluCysHi^ 
204 1 (&TCX&GGGGCGCTTATGACATAATAATTTC 

CGAGCCCCCCGCGAATACTGTATTATTAAACACTGCI^ 

IleLeuGlylleGlyThrValLeuAspGlnMaGluThrAlaGlyAlaArgLeuValVal 

2101 CCATCTTGGGCATCGGCACTGTCCTTGACC^^ 

GGTAGAACCCGTAGCOGTGACAGGAACTGGTTOGTCTCTGAO^ 

LeuAlattirAlaThrProProGlyS^^ 
2161 TGCTCGCCACCGOC^CCOCTC^ 

ACGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGAGA^ 

AlaLeuSerThrThrtlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
2221 TTGCTCTGTCCACCACCGGAGAGATCCCT^^ 

AACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCOGTTCOGATAGGGGG 

LysGlyGlyArgHlsLeuIlePheCysHisSerLysLysLysCysAspGluIieuAlaAla 
2281 TCAAGGGGGGGA(^CATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACG 
AGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCAC^ 

LysLeuValMaLeuGlylleAsnAlaValMaTyrTyrArgGlyLeuAspValSerVal 
234 1 CAAAGCTGGTCGCATTGGGCATCAATGCCGTGGO^AC 
GTTTCGACCAGCGTAAOXXTAGTTACGGCACCGGATGA 

IleProThrSerGlyAspValValValValAlaThrAs 
24 01 TCATCCOGACCAGGGGOGATCTTCTC 

AGTAGGGCTGGTOGCCGCTACAACAGCAGCACCGTTCGCT^ 

GlyAspPheAflpSerValIleAspCysAsnThr<^flValThrGlnThWalAspPheS^ 
2461 CCGGOGACTTCGACTCGGTGATAGACTGCAAIAOGTGTGTCACCCAG 
GGOOGCTGAAGCTCAGCCACXATCTGAOGTTATGCACACAGTGG 

LeuAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaV 

2521 GOCTTGACCCTACCTTCACCATTGAGACAATCAOGCTCCCC^ 
CGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAG 

GlnArgArgGlyArgThiGlyArgGlyLysProGlylle^ 

2581 CTCAACGTCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCT 
GAGITGCAGCCCCGTCCTGACCGTCCCC^^ 

GluArgProSerGlyMetPheAspSerSe^ 
2641 GGGAGCGCCCCTCCGGCATGTTOGACTOGTCC^TCCTC 
CCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGA 

AlaTrpTyiGlulAuThrProAlaGluThrThrValArgLeuAi^ 

2701 GTCCTTGGTAIGAGCTCAOGOCOGGOGAGACTACAGTTAGGCTAOGAGOG 
CACGAACC^TACTCGAGTGOGGGCGGCTCTGATC 

ProGlyLeuProValCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyl^ 
2761 CCCCGGGGCTTCCXXSTGTGCCAGGACCATCTTGAATTTl^^ 
GGGTCCCaSAAGGGCACAOGGTOCTTC^ 

ThrHisIleAspMaHiePheLeuSerGlnT^ 
2821 TCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAGTGG 
AGTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCT 

LeuValAlalYrGlnAlaThrValCysAlaArgAla^ 
2881 ACCTGGTAGCGTACCAAGCCACCGTCTGCGC^^ 

TGGACCATCGCATGGTTCGGTGGCACACGCGATCOCGAGTT^ 

FIG. 32-3 
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GlnMetTrpLysCysI^uIleArgl^uLysProThrl^uHisGlyProThrPrc^uLeu 

2941 ACCJVGATGTGGAAGTGTTTGATTCGCCT 

TGGTCTACACCTTCACAAACTAAGCGGAGTTC^^ 

TyrArgLeuGlyAlaValGlnAsi^luIleThrLeuThrHisProValThrLysTyrlle 

3001 TATACAGACTGGGCGCTGTTCAGJU^^ 

ATATGTCTGACCCGCGACAAGTCTTACT^ 

MetThrCysMetSerAlaAspLeuGluV^ 
3061 TCATGACATGCATGTCGG0CGACC1XX3AGGTCGTC^ 
AGTACTGTACGTACAGCCGGCTGGACC^^ 

ValLeuAlaAlaLeuAlaAlaTyrCysLeuS^^ 
3121 GCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGC^ 

OGCAfiGACCGAOGAAACOGGOGCATAACGGACAGTTGTCOGAOGCACC^ 

ValValLeuSerGlyLysProAlallelleProAspAr^ 
3181 GGGTCGTCTTGTCCGGGAAGCCGGCAATCA^^ 
CCCAGCAGAACAGGCCCTTCGGCCGTTA^ 

AspGluMetGluGluCysSerGlnHisLeuProT^ 
3241 TCGATGAGATGGAAGAGTGCTCTCAGCACTIA^ 

GluGlnPheliysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVal 

3301 CCGAGCAGTTCAAGCAGAAGGCOCTOGGCCTOCTGCAGACCGGGTCCOGT^ 
GGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAG 

IleAlaProAlaValGlnThrAsnTrpGli^ysI^uGluThrPheTrpAlaLyflHisMet 

3361 TTATCGCtX^TGCTGTCCAGACCAACTGGCAAAAA 
AATAGCGGGGAOGACAGGTCTGGTTGACCGTTTTTO 

TrpAsnPhelleSerGlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGly 
3421 TGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTC 
ACACCTTGAAGTAGTCACCCTATGTTATC^ 

Alal leAlaSerLeuMetAlaPheThrAlaAlaValThrSerProLcuThrThrSe^ 

3481 CCGCCATTGCTTCATTGATGGCTTTTACAGCTGCTGTCACCA^ 

GGCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGG^ 

ThrLeuLeuPheAsnlleLeuGlyGlyT^ 
3541 AAACCCTCCTCTTCAACATATTGGGGGGGTGTO 

TTTGGGAGGAGAAGTTGTATAACCCOCCCACCQVO0GA0GGGTCGAGCGGCG 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGly 

3601 CCGCTACTGCCTTTGTGGGCGCTGGCTTAGC^ 
GGCGATGAOGGAAACACCCtXXSACCtSAATC^ 

LysValLeuIleAspIleLeuAlaGlyTyrt^ 

3661 GGAAGGTCCTCATAGACATCCITGCAGGGTATGGOGCGGGCXSIGG 
CCTTCCAGGAGTATCTGTAGGAAOGTCCCATACOGCGCCOGCACXX^ 

PheLysIleMetSertlyGluValPrcSerThrGl^ 
3721 CATTCAAGATCATGAGOGGTGAGGTCCCCTC^ 

GTAAGTTCTAGTACTCGCCACTCCAGGGGAGGT^ 

IleLeuSerProGlyAlaLeuValValGlyValValCysAlaAlalleLeuArgArgHis 

3781 CCATCCTCTCGCCCGGAGCCCPOGTAGTOGGCGT^ 

GGTAGGAGAGCGGGCCTCGGGAGCATCAGCCXXIACCAGACACGTOGTT 

ValGlyPioGlyGluGlyAlaValGlnTrpMetAsnArgLeuIleMaPheAlaSerAr^ 

3841 ACGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACCGG 
TGCAACCGGGCCCGCTCCXXXXSTCAOGTCACCTACTT^ 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaMaArgValThr 

FIG. 32-4 
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3901 GGGGGAAGCATGTTTCCCCCAC&CACTACGTGCCGGAGAGOGATGCAGCT 
CCCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCC^ 

AlalleLeuSerSerLeuThrValThrGlnl/niLe 
3961 CTGCCATACTCAGCAGCCTCACIGI^^ 

GACGGTATGAG1K&TCGGAGTCACATTGGGTOGAGGACTC 

SexGluCysThrThrProCysSerGlySexTrpLeuArgAspIleTrpAs 

4 021 GCTOGGM^TACCACTCCATGCTOOGC 

CGAGCCTCACATGGTGAGGTACGAGGOCAAGGAOOGATTCCCTGT^^ 

GluValLeuSerAspPh^ysthrTrpLeuLya^ 
4081 GOGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCT 
CGCTCCACAACTOGCTGAAATTCTGGACOGATTTro 

IleProPheValSerCysGlnArgGlyTyr^^ 

4141 GGATCCCCTTTGTGT0CTGCCA60G0GG6TATM 

CCTAGGGGAAACACAGGAOGGTOGOGCXCATATTCCCCC^ 

HisThrAj^CysHisCysGlyAlaGluIleTh^ 

4201 TGCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATG 

ACGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTAC^ 

IleValGlyProArgThrCysArgAsnMet^SerGlyTh^ 
4261 GGATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCC^ 

CCTAGCAGCCAGGATCCTGGACGTCCTTG T ACACCTCACCCTGGAAGGGGTAATTAOGGA 

ThrThrGlyProCysThrProIieuPraAlaPro^ 
4321 ACACCAO^^CCCTGTACCCCOCTTOCTGO^ 

TGTGGTGCCCGGGGACATCGGGGGAAGGACGCGGCTTGATGTGCAAG 

SerAlaGluGluTyrValGluIleAi^lnValGlyAspPheHisTyrValThrGlyMet 
4381 TGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTC 

ACAGACGTCTCCTTATACACCTCTATTC(X3TCCACC0CCTGAAGGTGATGCACT 

ThrThrAspAsnl^uLysCysProCysGlnValProSerProGluPhePheThr^ 
4441 TGACTACK^CAATCTCAAATGCO^ 

ACTGATGACTCTTAGAGTTTAOGGGCAOGGTCCAGGGTAGCGGGCTTAAAA 

AspGlyValArgLeuHisArgPheAlaProProCysLysProLeuLeuArgGluGluV 
4501 TGGACGGGGTGCGCCTACATAGGTTTGCGCCCCC^ 

ACCTGCCCCACGCGGATGTATCCAAACGCGGGGGGA(X3TrcG 

SexPheArgValGlyLeuHisGluTyrProValG^^ 
4561 TATCATTCAGAGTAGGACTCCAOGAATACCCGGTAGGGTCGCAATTAC^ 
ATAGTAAGTCTCATOCTGAGGTGCTTATGO 

ProAspValAlaValLeuThrSexHetLeuThrAspProSexHisIleThr 
4621 AACCGGACGTGGCCGTGTTGAOGTCCATG^ 

TTGGCCTGCACGGGCACAACTCGAGGTACGAGTGACTAG 

MaGlyArgArgLeuMaArgGlySerProProSerValAlaSerSerSerAlaSerGln 
4681 CGGCCGGGCGAAGGTTGG<X3AGGGGATCACCCCCCTCTC 

GCOGGCCOGCTTCCAACOKrrCCCC^ 

LeuSerAlaProSerLeuLysAlaThrCysThrMaAsnHisAspSerProAspAlaGlu 
4741 AGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCTMrc 
TCGATAGG0GAGGTAGAGAGTTCCGT1!GAA« 

LeuIleGluAlaAsnLeuLeuIrpAi^ 
4801 AGCTCATAGAGGCCAACX^TCCTATGGAGGCAGGAGATGGGCGG 
TOGAGTATCTCCX^TTGGAGGATACCTOCGTCCTCT 

SexGluAsnLysValVallleLeuAspSerPheAspProLeuValAlaGluGluAspGlu 
4861 AGTCAGAAAACAAAGTGGTGATTCTXX3ACTCCTTCGATCCGCT^ 
TCAGTCTTTTGTTTCACCACTAAGACCTGAGGAAGCTAGGC^ 

FIG. 32- 5 
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,^^9GluIl^^ValProAlaGluIleI^uArgLysSerArgAi^PheAlaGlnAlaLeu 
4921 AGCGGGAGATCTCCGTACCCGCAGAAATCCTGOGGAAGTCTOGGAGATTOGCGCAGGCCC 
TOGCCCTCTAGAGGCATGGGOGTCTTTAGGAOGCCTTCAGAGOCTCTAAGCGGGTOOGGG 

ProValTrpAlaArgProAspTyxAanProPrxjLeuValGluThrTrpLysLyBProAsp 
4981 TGCCOGTTTGGGGGOGGCCGGACTATAACCCCCOGCTAGTGGAGACGTGGAAAAAGCCCG 
^GGGGCAAACCOGCGCGGGCCTGATATTGGGGGGOGATCACCTCTGCAOCTTTTTOGGGC 

TyrGluProProValValHisGlyCysProLeuProProProLysSerProProValPro 
5041 ACTAOGAACCACCTGTGGTCCATGGCTGTCOQCTTOCACCTCCAAAGTCCCCTCCTGTGC 
TGATGCTTGGTGGACACCAGGTACOGACAGGOGAAGGTGGAGGTTTCAGGGGAGGACAOG 

r , « , ProProArgLysLysArgThxValVall^uThrGluSer^ 
5101 CTCCGCCTCXGAAGAAGCGGACGGTGGTCCTCACPGAATCAA 

GAGGCGGAGCCTTCTTOGOCTGCCAOCAGGAGTGACTTAGTTGGGATAGATGACGGAACC 

GluLeuAlaThr ArgSerPheGlySerSerSerThrSerGlylleThrGlyAspAsnThr 
5161 CCGAGCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCOGGCATTACGGGGGACAATA 
GGCTCGAGGGG1KMTCTTCGAAACCGTO3AGGAGTTCAAGGCCGTAATGCCOGCTGTTAT 




SerSerMetProProLeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrp 

5281 ATTCCTCCATGCCCCCCCTGGAGGGGGAGCCTGGGGATCGGGATCTTAGGGACGGGTCAT 
TAAGGAGGTACGGGGGGGAOCTCCCCCTOGGAOCCCTAGGCCTAGAATOGCTGCCCAGTA 

c , . , SerThrValSerSerGluAlaAsnAlaGluAspValValCyECysSerMetSerTvrSer 
5341 GGTCAACGGTCAGTAGTGAGGCCAACGCGGAGGA!TGTCG1X>XGCTGCTCAATGTCTTACT 
CCAGTTGCCAGTOTCACTCOGGTTGCGCCTOCTACAGCACAOGACGAGTTACAGAATGA 

5401 CTTGGACAGGCGCACTCGTCACCCCGTGOGCOGCGGAAGAACAGAAACTGCCCATCAATG 
GAACCTGTCGGGGTGAGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTAC 

«i ^.^^H Asn ^^ l ^ l ^9 HisHi8Asr ^ uVal ^ r SerThrThrSerArgSerAla 

5461 CACT AAGCAAC TCG TTGCTACG TCACCACAATTTGGTG TATTCCACCACCTCACGCAG TG 
GTGATTCGTTGAGCAACGATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCAC 

CysGlnArgGlnLysLysValThrPheAspArqLeuGlnValLeuAspSerHisTvrGln 

5521 CTTGCCAAAGGCAGAAGAAAGTCACATTroACAGACTGCAAGTTCTGGACAGOCATTACC 
GAA<^TTTC0GTCTTCTTTCAGTGTAAACTG1CTGACGTTCAAGACCTGT0GGTAATGG 

e c « , AspVall^uLysGluValLysAlaAlaAlaSerLysValLysAlaAsnLeuLeuSerVal 
5581 AGGACGTACTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCG 
TCCTGCATGAGTXCCTCCAATTT0GTOG0CGCAGTTTTCACTTOMATTGAA0GATAW 

GluGluAlaCysSerLeuThrProProHlsSerAlaLysSerLysPheGlyTyrGlyAla 
5641 TAGAGGAAGCTTGCAGCCTGACGCCCCCA(^CTCAGOCAAATCCAAGTTTGGTTA 

ATCTCCTTOGAA(£TGGGACIGOGGGGX?TG!rGAGTOGGTTTAGGTTCAAACCAATAGCCC 

LysAspValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAsp 
01 Q^^ ^^CGTIXKXATGCCAGAAAGGCCGTAAOCC^ 

GTTTTCTGCAGGCAA0GGTACGGTCTTTCCGGCATTGGG1GTAGTTGAGGCACACCTTTC 

_ _ LcuLeuGluAapAsnValThrProIleAspThrThrlleMetAlaLysAsnGluValPhe 
5761 ACCTTCTGG AAGACAATGTAACACCAATAG ACACTACCATCATGGC TAAGAACGAGGTTT 

TGGAAGACCTTCTCTTACATTGTGGTTATCXGTGATGGTAGTACCGATTCTTGCTCCAAA 

^ sValGlnP ^ l ^y^ 1 y G1 y^ L y sPr ^ aAr 9LeuIleValPheProAspLeu 
5821 TCIGOGTTCAGCCTGAGAAGGGGGGTOGTAAGCCAGPTCGTCTCATCGTGTTCCCOGATC 
AGACGCAAGTCGGACTCTTOCCCCCAGCATXOGGTOGAGCAGAGTAGCACAAGGGGCTAG 

GlyValArgValCysGluLysMetAlaLeuTyrAspValValThrLy8LeuProLeuAla 

FIG. 32-6 
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5881 TGGGCGTGCGCGTGTGOGAAAAGA1Xj<^ 

ACCXGCACGCGCACACGCTTTTCTACCGAAAGATGCTGCAGCAATGCT 

ValMetGlySerSerTyrGlyPheGlnTyr^ 
5941 CCGTGATGGGAAGCTCCTACGGATTCCAATACT 

GGCACTACCC1TCGAGGATGOCTAAGGTTATGAGTGGTCCTC 

GlnAlaTrpLysSerLyflLysThrPrcsMetGlyPheSerTyrAB 
6001 TGCAAGCGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTOGTATGATACCTO 
ACGTTCGCAOCTTCAGGTTCTT^^ 

SerThrValThrGluSerAspIleArgThrG^ 

6061 ACTCCACAGTCACTGAGAGCGACATCCS^^ 

TGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTC 

AspPrcOlnAlaArgValAlalleLysSerLeuThrGluArgLeuT^ 
6121 TCGACCCCCAAGCCCGCGTGGCCATCAAGTOCCTC2AOCGAGAGGCTTTATC 
AGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTCGCTC^ 




GAGAATGGTOAAGTTCCCCCCTCTTGA(X»CCGATAGCGTC 



ThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysAlaArgAlaAlaCyfiArgAla 

6241 TGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAW 

ACTGTTGATCGACACCATTGTGGGAGTGAAOGA1X3TAGTTCOGGGCCOGTOG6A 

Al aG lyLeuG 1 nAspCy sThrMetLeuValCysGlyAspAspLeuValVa 1 1 leCysGlu 

6301 CCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTA^^ 
GGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCXSCTGCT^ 

SerAlaGlyValGlnGluAspAlaAlaSexLeuArgAlaPheThrGliiAlaMetThrAr^ 
6361 AAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGC 
TTTCGCGCCCCCAGGTCCTCCT^ 

TyrSerAlaProProGlyAspProProGlnProGluTyrAsp^uGluLeuIleThr 
6421 GGTACTCCGCCCCCCXriXX^^CCCCCCACAACC^^ 
CCATGAGGCGGGGGGGACCCCTGGGGGGTGTTGGTCOT 

CysSerSerAsnValSerValMaHisAspGlyAlaGlyLysArgValTyrTyrLeuT^ 

6481 CATGCTCCTCCAACGTGTCAGTCGCCCAOGAOGGCGCTGGAA 
GTACGAGGAGGTTGCACAGTCAGCGGGTGCTGCOGCGACC^^ 

ArgAspProThrThrProLeuMaArgAlaAlaTrpGluThrAlaArgHlsThrProVal 

6541 CCOGTGACCCTACAACCCCCCTOGOGAGAGCTGOGTGGGAGACAGCAAGACAC^ 
GGGCACTGGGATGTTGGGGGGAGCGCTCTCGACGCACC 

AsnSerTrpLeuGlyAsnllelleMetPheAlaProThrLeuTrpAlaArgMetlleLeu 

6601 TCAATTCCTGGCTAGGCAACATAATCATGTTTGCCCCCACACTG 

AGTTAAGGACCGATCCGTTGTATTAGTACAAACGGGGGTGTGACACCOGCTCCTACTATC 

MetThrHisPhePheSei^alLeuIleAlaArg^^ 
6661 TGATGACCCATTTCTTTAGOGTCCTTATAGCCAGGGACCAGCTTGAACAGGCCXJTOGA^ 
ACTACTGGGTAAAGAAATCGCAGGAATATCGGTCOCTGGTO^ 

GluIleTyrGlyAlaCysTyrSerlleGluProLeuAspLeuProProIlcIloGlnArg 

6721 GCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTC 

CGCTCTAGATGCCCCGGAOGATGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTT 



Leu 

6781 GACTC 
CTGAG 



FIG. 32-7 
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Chinp 



FIG. 33 LEGEND 

Saaple 
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FIG. 34 LEGEND 

Patient 
Lane Reference 
Number Number Diagnosis ALT Level (mu/ral) 

1 l 1 NAMB 13S4 

2 I 1 HANB 31 

3 2 1 NAMB 14 

4 2 1 NAMB 79 

5 2 1 NAMB 26 

6 3 1 NAMB 78 

7 3 1 NAMB 87 

8 3 1 NAMB 25 

9 4 l NAMB 60 

10 4l NAMB 13 

11 S 1 NANB 298 

12 5 1 NAMB 101 

13 6 1 NANB 474 



is 



6 1 NAMB 318 

15 l l NAMB 20 

16 7 l NAMB 163 

17 8 1 NANB 44 

18 8 1 NANB SO 

19 9 NAMB N/A 

20 10 NANB N/A 

21 11 NAMB N/A 
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Sequential s rum samples were assayed fr m thes patients 
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FIG. 34-1 



FIG. 34-2 
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FIG. 35 
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FIG. 36*l COOH-terrainus of SOD-ClOO Fusion Polypeptide 

SOD COOH] [—adaptor ] [ NANBHpolypeptide> 

AlaCyaGlyVallleGlylleAlaGlnAsoLeuGlylleArgAspAlaHisPhel^uSer 

1 GCTTGTGGTGTAAT1XX5GXTC3GCCX1A6AATTTGG 
OGAACACXACATTAACCCTJU^ 

»»»»»»»»»»> 

GlnThrLysGlnSerGlyGluAsnl^uProT^ 

61 CAGACAAAGCAGAGTGGGGAGAACCTTCCT^^ 

GTCTGTTTOGTCTCACOCCTCTTCMAAGGAATGGAO^ 

AlaArgAlaGlnAlaProProProSertrpAs^ 

121 GCTitfX^XSECAAGCCCCTC^ 

CGATCCCGAGTTCGGGGAGGGGGTAG<^CCCT^ 

LysProThrLeuHisGlyProThrProLeuI^uTyrArgLe 

181 AAGCCCACCCTCCATGGGCC^ 

TTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTC 

IleThrLeuThrHisProValT^ 

241 ATCACCCTG^^ 

TAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTC 

ValValThrSerThrTrpValLeuVaM^ 

301 GTOGTCAOGAGCACCTGGGTGCTOGTTGGCGGCMTCCTGGCTGCTTTGG^ 
CAGCAGTGCTCGTGGACCCACX^ 

LeuSerThrGlyCysValVallleVa^ 
361 CTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCG 
GACAGTTCTCCGACGCACCAGTATCACCCGTCCCA^ 

IleProAspArgGlUValLeuTyrArgGluPheAspGltiMetGlu^ 
421 ATACCTGACAGGGAAGTCCTCTACCGAGAGTT^ 
TATGGACTGTTCCTTCAGGAGATGGCTCTC^ 

LeuProTyrlleGluGlnGlyMetHetLeuAlaGluGlnPh^ysG 
4 81 TTACCGTACATCGAGCAAGGGATGATGCTCGCOGAGCAGTTCAA 
AATGGCATGTAGCTQ3TTCCCTACTAOGAG 

LeuLeuGlnThrAlaSerArgGlnAlaGluValZleAlaProAlaValGlnTto 
541 Cl^TGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCC^ 
GAGGACGTCTGGOGCAGGGCAGTCOGTCTCCAATAGOGGG^ 

GlnLysl^uGluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlyll^ 
601 CAAAAACTCGAGACCTTCTGGGOGAAGCATATGTGGAACTTC^ 
GTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAM 

LeuAl aGlyLeuSerThrLeuP roGlyABD ProAl a 1 1 eAl aSerLeuMetAl a PheThr 

661 TTGGOGGGCTTGTCAAOGCTGCCTGGTAACCCOGCCA 

AACCGCCOGAACAGTTGOGAOGGAOCATTGGGGOGGTAAOGAM 

AlaAlaValThrSerProLeuThrThrSerGlnThrLeuI^ 

721 GCTGCTSTCACCAGCCCACTAACC^^ 

OGAOGACAGTGGTCGGGTGATTGGTGATOGSTTIGGGAGGAGA 

TrpValMaMaGlnLeuAlaAlaProGlyMaAlaThrMaPheValGlyAlaGlyLeu 

781 T^TGGCTGCCCAGCTCGCCGCCO^^ 

A(X(ACOGACMGGTC3GAGOGGCGGGGGCCAOGGOGATG^ 

AlaGlyMaMalleGlySerYalGlyLeuGlyliyfi^alLeuIleAspIlel^uAlaGly 

84 1 GCTGGCGCCGCCATCGGCAGTGTTGGACT^ 
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06ACC60GGGG6TAGCGGTCACAACCT6ACCCCTT0CAGGAGTATCT6TAG6AAGGTCCC 

TyrGlyAlaGlyValAlaGlyAlaLeilValAlaPheLy a I leMetSerGlyGluValPro 

901 TATGGCG0GGGO6TGG06GGAGCTCTT6TG6CATTCAA6ATCAT6AG0G6T6A66TG0CC 
ATACCGCGCCOGCACmXXnXXA<yUVCACCGlAAGTTC^ 

SerThrGluAspLeuValAsnlAUI^uProAlallel^^ 

AGGTGCCTCCTGGACCAOTAGA^ 

GlyValValCysAlaAlalleLeuArgArgHiaValGlyProGlyGluGlyAlaValGln 

1021 GGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTXXKXX^^ 

CCG<^CCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCOGTCACGTC 

««««««<«««<HANBH] [ — extra 
TrpMetAsnArgLeuIleMaPheAlaSerArgGlyAsnHiaValSerProValHisHia 
1081 TGGATGAAC(XMCTGATAGCCTT(XXOCCCGGGGGAACCATGTTT(XCCAGTCCATCAT 
ACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGTCAGGTAGTA 

LysArgOP 

1141 AAGOGTTGACGCTCCCTAOGGGTGGACTGTGGAGAGACAGGGCACTGCTAAGGCCCAAAT 
TTCGCAACTG03AG©3ATGCCCACCTGACAOT 

1201 CTCAGCCATGCATCGAGGGGIACAATCOGTATGGCCAACAACTAGCGOGTAOGT AAAG TC 
GAGT0GGTA0GTAGCT0CCCATGTTAGGCATA00GGTT6TTGAT06CGCA1XSCATTTCA6 

1261 TCCTTTCTCGATGGTCCATACCTTAGATGCGTTAGCATTAATCCGAATTC 
AGGAAAGAGCTACCAGGTATGGAATCTACGCAATCGTAATTAGGCTTAAG 



FIG. 36-2 
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FIG. 40 
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FIG. 41a 



FIG. 41b 
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FIG. 4I-I 

Homology between the HCV polypeptide encoded by combined ORF of cl nes 
141 through 39c) and the non-structural protein of the Dengue flavi- 
virus(MNWVDl). 
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* • • • I •••• •••••••• •*•••!• 
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HCV GYKVLVItfPS—VAATLG^ 

MNWVD1 GLRT^II^TRVVAAQffiE 

650 660 670 680 690 700 

590 600 610 620 630 640 

HCV SGGAYDI I ICDECHSTDATSH/JIGTVIIXiAE^^ 

. .X..n is : tt..ts . : . iitutt . t « V. 

RVPNYMLI IMDEAHFTOPAS IAARGYISTRVE-MGEAAGIFMTATPPGSRD-PFPQSNAP 
710 720 730 740 750 760 
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« • • * • • 
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HCV IPTSGDVVWATDAI24TGYTOT 

MNWVD1 SBYWTRTNDWNFVVTTDISE24GANFKAERV^ 

830 840 850 860 870 880 

770 780 790 800 810 820 

HCV QRRGRTGRGKPGIYRFVAPGERPSGMFDSSVIX^CY 

MNWVD1 SS 



FIG. 41-2 
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FIG. 43 

DISTRIBUTION OF RANDOM SAMPLES 

C 100-3 Ag ELISA Preclinical Kit 

416ng C100/WELL. 2 HRS 37°C. 20ul SAMPLE 
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FIG. 44 

Distribution off 0«D. Values for 
Random Blood Donor Saaplca Tested with Two ELISA 

Configurations 

C 100-3 Ag ELISA MoAB vs Polyclonal 



637 



300 -- 



O 250 -• 



D 
CO 

or 



200-- 



\£1 130- 



100" 




+ 



+ 



+ 



+ 



4 .5 .6 .7 J 

00 @ 492nm 



MoAB 
Poly 



1056 
1077 



1.0 



>3.0 



EP 0 318 216 B1 



FIG. 45 

Name Common Sequence Variable Sequence 



5'-3-l 
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FIG. 46*1 Translation of DNA k9-l 

GlyCysProGluAxgLeuAlaSerCysArgPr^ 

1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG 
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

ProIleSerTyrAlaAsnGlySerGlyProAspGlnA^ 

6 1 gccctatcagttatgccaacggaagcggccccgaccagogcccctactgctggcactacc 
cgggatagtcaatacggttgccttcgccggggctggtcgcggggatgacgacq; 

ProLysProCysGlylleValProAlaLysSerValCysGlyPr^^ 

121 ccccaaaaccttgcggtattgtgcccgcgaagagtgtgtgtggt^ 
ggggttttggaacgccataacacgggcgcttctcaca» 

ProSerProValValValGlyThrThrA^ 

181 ctcccagccccgtggtggtgggaacgaccgacaggtcgg^^ 

gagggtcggggcaccaccacccttgctggctgtccagccogcgggggtk^ 

GluAsnAspThrAspValPheValLeuAsnAsnThrArgProProLeuGlyAsnTrpPhe 
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGT^ 

GiycysThrTipMetJ^hSe^ 
301 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG 

AGCCAACATGGACCTACTTGAGTTGACCTAAG1GGTTTCACACGCCTCGOGGAGGAACAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC 
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG 

AspAlaThrTyrSerArgCysGlySerGlyProTrpIleThrProArgCysLeuValAsp 
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 



TyrProTyrArgl^uTrpHisTyrProCysThrlleAsnTyrThrllePheLysIleArg 

481 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACTATATTTAAAATCA 
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATAAATTTTAGT 



MetTyrValGlyGlyValGluHisArgl^uGl^ 
54 1 GGATGTACGTGGGAGGGGTCGAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACATGCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCOGC 



ArgCysAspLeuGluAspArgAspi^gSerGluLeuSerProLeuLeuLeuThrthrt 
601 AACGTTGCGATCTGGAAGATAGGGACAGGTCOGAGCTCAGCCCGTTACTGCTGACCACTA 
TTGCAACGCTAGACCTTCTATCCCTGTCCAGGCTOGAGTCGGGCAATGACGACTGGTGAT 



GlnTrpGlnValLeuProCysSerPheThrThrl^uProAlaLeuSerThrGlyLeuIle 
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCCTTGTCCACCGGCCTCA 
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGGTCGGA^ 

Overlap with Combined ORF of DNAs 12f through 15e 

HisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyValGlySerSerlleAla 

721 TCCACCTCCACCAGAACATTGTGG ACGTGCAGTACTTGTACGGGGTGGGGTCAAGC»TC» 
AGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGC 



SerTrpAlalleLysTrpGluTyrValYalLeiiLeuPheLeuLeuLeiiAlaAspAlaAr^ 

781 CX3TCCTGGGCCATTAAGTGGGAGTACGTCGTCC^ 

GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTGCGCG 
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VaLCysSerCysLeuTi^MetMetLeuI^uIleSerGlnAlaGluAlaAlaLeuGluAsn 
841 GCGTCTGCTCCTGCTTGIGGATCATGCTACTCATATCCCAAGCGGAAGCGGCTTTGG^A 
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT 



LeuVallleLeuAsnAlaAlaSerLeuA^^ 
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCT 

TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAG 



PhePheCysPheAlaTrpTyrl^uLysGlyLysTrpVal^ 

961 TGTTCTTCTGCTTTGCATGGT^^ 

AGAAGAAGACGAAACGTACCATAGACTTCCCATICACCCA(^ 



TyxGlyMetTrpProLeuLeuLeuLeuLeuLeuAlaLeuProGlnArgAlaT^ 
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGGGC 
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG 



AspThrGluValAlaAlaSerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThr 
1081 TGGACACGGAGGXGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTAA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGATT 

i^uSerProTyrTyrLysArgTyrlleSerTrpCysI^uTrpTrpI^uGlnTyrPheLcu 
114 1 CTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTC 
GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG 



ThrArgValGluMaGlnLeuHisValTrpIlcProProLeuAsnV20ArgGlyGlyArg 
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC 
ACTGGTCTCACCTTCGCGTTGAGGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCOG 



AspAlaVallleLeuLeuMetCysAlaValHisProThrLeuValPheAspIleThrLys 
1261 GCGACGCTGTCATCTTACTCATGTGTGCTGTACACCOGACTCTGGTATTTGACATCACCA 
CGCTGCGACAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGT 



LeuLeuLeuAlaValPheGlyProLeuTrpIl^LeuGlnAla 
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG 
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTC 
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FIG 4 7- 1 CCMBINED 0RF 0F DNAs K9_1 t** 011 ** 1 15e 

GlyCysProGluArgLeuAlaSerCysAr 
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG 

GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

Prol leSerTyrAlaAsnGlySerGlyProAspGlnArgPro^ 
61 GCCCTATCAGTTATGCG^CGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACC 
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG 

121 

GG 

ProSerProValValValGlyThrThrAspArgSe^ 
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGOGCGCCCACCTACAGCTGGG 

GAGGGTCGGGGCACCACCACCCTTGCTG^ 

GluAsnAspThrAspValPheValljeuAsnAsnThrArgProProI^uGlyAsnTrpPhe 

241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTAT^ 

GlyCysThrTrpMetAsnSerThrGlyPheThrLysValCysGlyAl 

301 TCGGTTGTACCTGGATGAACTCAACTGGATO 

AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTOGCGGAGGAACAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCA^ 
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG 

AspAlaThrTyrSerArgCysGlySerGlyPrOI^ 
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 

TyrProTyrArgLeuTrpHisTyrProCysThrlleAsnTyrT^ 
4 81 ACTACCCG TATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAAAATCA 
TGATGGGCATATCCGAAACXIGTAATAGGAACATGGTAGTTGATGTGGTATAAATTTTAGT 

MetTyrValGlyGlyValGluHisArgLcuGluAlaAlaCysAsnTrpThrArgGlyGlu 
54 1 GGATGTACGTGGGAGGGGTOGAACACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTOGACGGAiCGTTGACCTGCGCCCCGC 

ArgCysAspLeuGluAspArgAspArgSerGluLeuSerProLeuLeuLeuThrThrThr 
601 AACGTTGCGATCTGGAAGACAGGGAC^GGTCCGAGCTCAGCCCGTTACTGCTGACCACTA 
TTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCAA 

GlnTrpGlnValLeuProCysSerPheThrT^ 
661 CACAGTGGCAGGTCCTCCGGTGTTCCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCA 
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTIGGGATGGTCGGAACAGGTGGCCGGAG^ 

HisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyValGlySerSerlleAla 
721 TCCAC^TCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCG 
AGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGC 

SerTrpAlalleLysTrpGluTyrValValLeuLeu^^ 
CGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGC 
GCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCG 

ValCysSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGluAlaAlaLeuGluAsn 

841 GCX3TCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAGGCGGC 

CGCAGAOGAGGAOGAACACCTACTACGAlteAGTATAGGGTTCGCCTCCGCCGAAACCTCT 

LeuVallleiLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuVal 

901 ACCTCGTAATACTTAATGCAGCATCCCTG^^ 

TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC 



781 
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acw^acg^^cc^^^ 




1021 AGMGCOTAttC^^ 

1081 SSSg^ 

I^uSerProTyrTyrLyiUUrgTyrlleSer^^ 




Ix»uI^uIx;uAlaValPheGlyProI^uTrpIleLeuGlnAlaSer^^ 
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTG 

OTAACGACGAeCGGC^^ 

TvxPheValAroValGlnGlyLeuLeuArgPheCysAlaLeuAlaArgLysMetlleGly 
1381 CCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGATOG 

GGATGJuScACGCTC 

GlyHisTyrValGlnMetValllelleLysLeuGlyAla^ 

1441 GAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTI 
CTWGGTAAIGCACGTTTACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAA 

AsnHisLeuThrProLeuArgAspTrpAlaHisAsnGlyLeuArgAspLeuAlaValAla 
1501 ATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCOGTGG 
TATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACC 

ValGluProValValPheSerGliiMetGluThrLyslAuIleThrTrpGlyAlaAspThr 

1561 CTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCAOT 

GACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTCTA^ 

MaAlaCysGlyAspIlellcAsnGlyl^uProVal^AlaArgA^lyArgGluIle 

1621 CGGCGGGGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCCGCATO 

GGOGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCOGGCCCTCT 

LeuI^uGlyProAlaAspGlyMetValSerLysGlyT^ 
1681 TACXGCTCGGGCCAGOOGAXGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGOGCCttT^ 
ATGACGAGCCCXJGTCGGCTACCTTACCAGAGGTTCCCCACCTCCAACGACCGCGGGTAGT 

AlaTyrAlaGlnGlnThrArgGlyfceuI^uGlyCysI^^^ 
1741 CGGCGTAWCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCAC 

GCGGCATGOGGGTCGTCTGTTCCCCGGAGGATCOCAGGTATTAGTGGTCGGATTGACCQG 

AspLysAsnGlnValGluGlyGluValGlnlleValSerTh^ 

1801 GGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTGICMOG^ 

CCCTGTTTTTGGTTCACCTCCCAC1CCAGGTCTAACACAGTTGA0GA0GGGTTTGGAAGG 

AlaThrCysIleAsnGlyValCysTrpThrValTyrHlsGlyAlaGlyThrArgThrlle 

1861 TGGCAAOTTGCATCAATGGGGTGTGCTGGACTGTCTACCACGGGGCCGG^ 

ACCGTTGCACGTAGTTACCCCACACGACCTGACAGATGGTGCCCCGGCCTTGCTOCTGGI 

AlaSerProLysGlyProVallleGlnMetTyxThrAsnValAspGlnAspLeuValGly 
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1921 TCGCGTCACCCAAGGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGG 
AGCGCAGTGGGTTCCCAGGACAGTAGGTCTACATATGGTTACATCTGGTTCTGGAACACC 

TrpProAlaProGlnGlySerArgSerl^uThrProCysT lirCy sGlySerSerAspIieu 
1981 GCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTCGGACC 
CGACCGGGCGAGGCGTTCCATCGGCGAGTAACTGTGGGACGTGAACGCCGAGGAGCCTGG 

TyrLeuValThr ArgHisAl aAspVal I leProValArgArgArgGlyAspSer ArgGly 

2041 TTTACCTGGTCACGAGGCACGCCGATGTCATTCCOGTGOGCOGGCGGGGTGATAGCAGGG 
AAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGOGGCCGCCCCACTATOGTCCC 

SerLeuI^uSerProArgProIleSerTyrLeuLysGlySerSerGlyGlyProI^uLeu 
2101 GCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTT6AAAGGCT0CT0GGGGGGTCCGCTGT 
CGTCGGACGACAGCGGGGCCGGGTAAAGGATGAACTTTCCGAGGAG 

CysProAlaGlyHlsAlaValGlyllePheArgAlaAlaValCysThrArgGlyValAla 
2161 TGTGCCCCGCGGGGCAOGCCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGG 
ACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACC 

LysMaValAspPhelleProValGluAsnLcuGluThrThrMetArgScrProValPhe 
2221 CTAAGG0GGTGGACTTTATCCCTGTX3GAGAACCTAGAGACAACCATGAGGTCCC0GGTGT 
GATTCCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACA 

ThrAspAsnSerScrProProValValProGlxiSerPheGlnValAlaHiaLeuHlsAla 

2281 TCACGGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTC 

AGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTAC 

ProThrGlySerGlyLysSerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLys 
2341 CTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCOGGCTGCATATCCAGCTCAGGGCTATA 
GAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATAT 

ValLeuValLeuAsnProSerValAlaMaThrLeuGlyPheGlyAlaTyrMetSerLys 

2401 AGGTGCTAGTACTCAACCCCTCTGTTGCTC 

TCCACGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGT 

AlaHisGlylleAspProAsnlleArgThrGlyValArgThrlleThrThrGl^ 
2461 AGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGC 
TCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACOGTOGG 

IleThrTyrSerThj^yrGlyLysPheLeuAlaAspGlyGlyCysSerGlyGlyAl 
2521 CQITCAOGTACTCCACCTACGGCAAGTTCCTTGCOGACGGOGGGTGCTCGGGGGGCGCTT 
GGTAGTGCATGAGGTGGATGGCGTTCAAGGAACX3GCTGCOGCGCACGAGCCCCCCGCGM 

AspIlellelleCysAspGluCysHisSerThrAspAlaThrSerlleLeuGlylleGly 
2581 ATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATCG 
TACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGC 

ThrValLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValValLeuAlaThrAlaThr 

2641 GCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTG 

CGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACACGAG 

ProProGlySerValThrValPTOHlsProAsnlleGluGluValAlaLeiiSerThrThr 
2701 CCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGTTCCTCTC 

GGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGT 

GlyGluIleProPheTyrGlyLysAlalleProLeuGluVallleLysGlyGlyArgHis 

2761 COGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGAC 
GGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTG 

LeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAlaLysLcuValAlaLeu 

2821 ATCTCATCTTCTGTCATTCAAAGAAGAA^ 

TAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTC 

GlyIleA8nAlaValAlaTyrTyrArgGlyLcuAspValSerValIlcPrOThrSerGly 
2881 TGGGCATCAATGCCGTGGCCTACTACCGOGGTCTTGACGTGTCCGTCATCC0GA0CAGCG 
ACCCGTAGTTACGGCACO^ATGATGGCGCCAG 
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AspValValValValMaThrAspAlal^uMetT^ 
2941 6CGATGTTGTCGTCGTGGCAAC0GATGCCCT»TGACCGGCTA 
CGCTACAAO^GCAGCACOSTTGGCTAO^ 

VallleAspCysAsnThrCysValThrGlnThrV^ 
3001 CGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATCT 
GCCACTATCTGA06TTATCCACACASTGGGTCTGTCA6CTAAA6 

ThrlleGluThrlleThrLeizProGlnAspAlaValSerArgThrGln^ 
3061 TCACCATTGAGACAATCAOGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGG^ 
AGTGGTAACTCTGTTAGTGOGAGGGGGTCCTACGACAGAGGGCGTGAGTTC 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgP 

3121 GGACTGGGAGGGGGAAGCCAGGCATCTACA(^ 

CCT6ACCGTCCCCCTT0GGTCCGTAGATSTCTAAACACCGTGGCCCCCICGCGGGGAGGC 

MetPheAspSerSetValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrt 
3181 GCATGTTOGACTCGTCOGTGCTCTGTGAGTGCTATGACGCAGGCTC 
CGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGAC^ 

ThrPrcAlaGluThrThrValArgLeuAx^^ 

3241 TCACGCCCGCCGAGACTACMTTAGGCTACC^ 

AGTGCGGGCGGCTCTCATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGC 

C^sGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyl^uThrHisIleAapAla 
3301 TGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATG 
ACACGGTCCTGGTAGAACTTAAAACCCTCCCGOU3AAATGTC 

HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeiiProTyrLeuValM 

3361 CCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGOGTACC 
GGGTG AAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGG 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCys 
3421 AAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATQGTGGGACCAGATGTGGAAGT 
TTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCA 

Leul leArgLeuLysProIhrLeuHi8GlyProThrProLeuLeul^ArgLeiiGlyAla 

3481 GTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCG 
CAAACTAAGCGGAGTTOGGGTGGGAGGTACCCGGTTGTGGGGACGATAta 

ValGlnAsnGluIlelhrLeuThrHisProValThrLysTyrlleMetThxCysMetSer 

3541 CTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGA 

GACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTAOGTACA 

MaAspLeuGluValValThrSerThrTrpVall^^^ 

3601 CGGCCGACCTGGAGGTOGTCACGAGCACCTGGGTGCTCGTTGGCGGOT 

GCCGGCTGGACCTCCAGCAGTGCTCGIGGACCCACGAGCAACCGCCGCAGG^ 

MaAlaTyrC^sLeuSerThrGlyCysYalVain^ 

3661 TGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTC^ 

ACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGC 

LysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMetGluGlu 
3721 GGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCG 
CCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGAIGGCTCTCAA 

CysSerGlnHisI^uProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPheL 
3781 AGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAA^ 
TCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTOGTCAAGTTCG 

LysAlaLeuGlyLeuLeuGlDThrAlaSerArgGlnMaGluVallleAlaProAlaVal 

3841 AGAAGGCCCTCGGCCTCCTGCAGACOGOGTCCCGTCAGGCAGAGGTXATOGCCCCTGCTC 
TCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTC^ 

GlnThrAsnTrpGlnLysLeuGluThrPh TrpAlaLysHisMetTrpAsnPheXleSer 

FIG. 47- 4 



EP 0 318 216 B1 



3901 TCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCA 
AGGTCTGGT1GACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGT 

GlylleGlnTyrl^uAlaGlyLeuSerThrl^uProGlyAsnProAlalleAlaSerLeu 
3961 GTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCAT 
CACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTA 

MetJUaPheThrAlaAlaValThrSerProI^ 

4021 TGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA 

ACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGT 

IleIx»uGlyGlyTrpValAlaAlaGlnI^uM 

4081 ACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCC^ 

TGTATAACCCCCCCACCCACCGACGGGTOGAGCGGCGGGGGCCACGGCGATGACGG 

GlyAlaGlyLeuAlaGlyAlaAlalleGlySeWalGlyLeuGlyLyfiValLeuIlcAsp 
4141 TGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACT^ 

ACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATC 

IleLcxiAlaGlyTyrGlyAlaGlyValMaGlyAlaLeuValMaPheLysIleKetSM 
4201 ACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGA 

TGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACT 

GlyGluValProSerThrGluAspI^uValAsnl^uLeuPrGAlallelAuSerProGly 
4261 GCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCG 
CGCCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGC 

AlaLeuValValGlyvalValCysAlaAlallelieuArgArgHlsValGlyProGlyGlu 
4321 GAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCAC^ 

CTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGGAACCGGGCCCGC 

GlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
4381 AGGGGGCAGTGCAGTGGATGAACGaGCTGATAGCCTTCGCCTCCOGGGGGAACCATGTn 
TCCCCCGTCACGTCACC7ACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAA 

ProThrHisTyrValProGluSerAspAlaAlaAlaArgValThrAlalleLexiSerSer 
4441 CCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGTC 

GGGGGTGCGTGATGCACGGCCTCTGGCTACGTCGACGGGCGCAGTGACGGTATGAGTOGT 

I^uThrValThrGlnLeuI^uArgArgL^^ 

4501 GCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTOGGAGTGTACCA 
CGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGC 

ProCysSerGlySerTrpLeuArgAspIleTrpAspTrpIleCysGluValLeuSerAsp 
4561 CTCCATGCTCOGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTC 
GAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTAT 

PheLysThrTrpLeuLysMaLysLeuMetProGlnLeuProGlylleProPheValSer 
4621 ACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGOT 
TGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCG^ 

CysGlnArgGlyTyrLysGlyValTrpArgvalAspGlylleMetHisThrArgCysHis 
4681 CCTGCCAGCGOGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCC 
GGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGG 

CysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArglleValGlyProArg 

4741 ACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTA 
TGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGCCAGGAT 

ThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyrThrThrGlyProCys 

4 801 GGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCT 
CCTGGACGTCCTTGTACACCTCAC^ 

ThrProI^uProAlaProAsnTyrThrPheAlaLeuTr^ 

4861 GTACCCCCCTXCCTGOGCCGAACTACACGTTOGCGCTAtGGAGGGTGTCTGCAGAGGAAT 
CATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTA 
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ValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMetThrThrAspAsnLeu 
4921 ATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACXACT GAC^ TC 
TACACCTCTATTCCGTCCACCCCCTGAAGG TGATGCACTGCCCATACTGATGACTCTTAG 

LysCysProCysGlnValProSerProGluPhePheT^ 
4981 TOUUITGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGA0GGGGTG0GCC 
AGTTTACGGGCACGGTCCAGGGTAGCGGGCTO 

HisArgPheAlaProProCysLysProI^u^ 

504 1 TACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCA 

ATGTATCCAAACGCGGGGGGACGTTCGGGAAOGACGCCCTCCTCCATAGTAAGTCTCATC 

I^uHisGluTyrProValGlySerGlnLeu^^ 
5101 GACTCCACGAATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGJ^^ 
CTGAC&TGCTTATGGGCCATCCCAGCGTTAATGGAACGCTOGGGCT 

lAuThrSerMetLeuThrAspProSerHlsIleThrAlaGluAlaAlaGlyArgArgLeu 
5161 TGTTGACGTCCATGCTCACTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAA 

ACAACTGCAGGTACGAGTGACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTCCA 

AlaArgGlySerProProSerValAlaSexSerSerAlaSezGlnLeuSerAlaProSer 

5221 TGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCAT 
ACCGCTCCCCTAGTGGGGGGiUSACACC^ 

LeuLysAlaThrCysThrAlaAsnHisAspSerProAspAlaGluLeuIleGluAlaAsn 

5281 CTCTCAAGGCAACTTGCACCGCTAACCA^ 

GAGAGTTCCGTTGAACGTGGGGATTGGTACTGAGGGGACTACGACTCGAGTATCTCGGGT 

LeuLeuTrpArgGlnGliiMetGlyGlyAsnlleThrArgValGluSerGluAsnLysVal 
5341 ACCTCCTATGGAGGCAGGAGATGCKvCGGCAACATCACCAGGGTTGAGTCA^ 

TGGAGGATACCTCCGTCCTCTACCCGCCGTTGTAGTGGTCCCAACTCA5TCTTTTGTTTC 

VallleLeuAspSerPheAspProLeuValAlaGluGluAspGluArgGluIleSezVal 

5401 TGGTGATTCTGGACTCCTTO^TCCGCTTGTGG 

ACCACTAAGACCTGAGGAAGCTAGGCGAACACCGCCTCCTCCTGCTGGCCCTCTAGAGGC 

ProMaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeuProValTrpAlaArg 

5461 TACCCGCAGAAATCCTGOGGAAGTCTCGGAGATTOGCCCAGGCCCTGCCOGTTTGGG 

ATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGOG 

ProAspTyrAsnProProLeuValGluThrTrpLysLysProAspTyxGluProProVal 
5521 GGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTG 
CCGGCCTGATATTGGGGGGCGATCACCTCTGCACCTTTTTCGGGCTGAT^ 

ValHisGlyCysPrc^uProProProLysSexProProValProProProArgLysLys 
5581 TGGTCCATGGCTGTCOGCTTCCACCTCCAAAGTCCCCTCCTGIGCCTOOGCCTCGGA 

ACCAGGTACOGACAGGCGAAGGTGGAGGrTTCAGGGGAGGACACGGAGGOGGAGCCTTCT 

ArgThrValValLeuThrGluSerTta^ 
5641 AGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTO 
TCX^CTGCCACCAGGAGTGACTTAGTTGGGATAGATGAOGGA^ 

Ser PheGlySerSerSerThrSerGly I leThrGlyAspAsnThrThrThrSerSexGlu 
5701 GAAGCTTTGGCAGCTCCTCAACTTC 

CTTOGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCOGCTGTTATGCTGTTGTAGGA 

ProAlaProSerGlyCysProProAspSerAspAlaGluSerTyrSerSezMetProPro 
5761 AGCCOTCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGA^ 

TCGGGCGGGGAAGACOGACGGGGGGGCTGAGGCTGCGACTCAG^ 

LeuGluGlyGluProGlyAspPraAspLeuSerAspGlySerTrpSerThrValSerSer 

5821 CCCTGGAGGGGGAGCCTGGGGATCCGGATCTTAGQGACGGGTCATGGTCAAOGGTCACT 
GGGACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCAT 

GluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSerTrpThxGlyAla^ 
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5881 GTGAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTC 

CACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGAGAACCTGTCOGCGTG 

ValThrProCysMaAlaGluGluGlnLysI*uProIl^ 
5941 TCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCWTGCACT 

AGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTACG1GATTCGTTGA 

LcuArgHisHisAsnl^uValTyrSerThrThrSerArgSerAlaCysGlnArgG 

6001 TGCTACGTCACCACAATTTGGTGTATTCCACCACCTCAC^ 
ACGATGO^TGGTCTTAAACCACATAAGGT^ 

LysValBurPheAspArgLeuGlnVa^^ 
6061 AGAAAGTCACATTTGACAGACTGCAAGT^ 

TCTTTCAGTGTAAACTGTCTGACGTTCAAGACCTC 

ValLysAlaAlaMaSerLysValLysAlaAsnl^^ 
6121 AGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAG^ 

TCCAATTTOGTCGCOGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCCTTCGAAOGT 

I^uThrProProHisSerAlaLysSerLysPheGlyT^ 

6181 GCCTGACGCCCCCACACTCAGCCAAATCCAAGTT^ 

CGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTCTGCAGGCAA 

HifUaaArgLysAlaValThrHisIleAsnSem^ 
6241 GCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTCTGGAA6ACA 
CGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAGACCTTCTGT 

ValThrProIleAspThrThrlleMetAlaLysAsnGlu ValPh eCysValGlnProGl^ 
6301 ATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCGTTCAGCCTG 
TACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGAC 

LysGlyGlyArgLysPrc>AlaArgLeuIleValPheProAspLcuGlyValArgValCys 
6361 AGAAGGGGGGTCGTAAGCC^U^TCGTCTCATCGTGTTCCCCGATCTGGGCGTGCGCGTGT 
TCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAG 

GluLysMetAlaLeuTyrAspValValThrLysLeuProLcuAlaValMetGlySerSer 
6421 GCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCT 
CGCTTTTCTACCGAAACATGCTGCACCAATGTTTOGAGGGGAACCGGCACTACCCTTOGA 

TyrGlyPheGlnTyrSerPrc^lyGlriA^ 
6481 CCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTG 

GGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCAOGTTCGCACCTT^ 

LysLysThrPr<^tGlyPheSerTyrAspThr^ 
6541 CCAAGAAAACOCCAATGGGGTTCTOGTATGATACCCGCTGCTTTGACTCCACAGTCACTG 
GGTTCTTTTGGGGTTACCCCAAGAGCATACTATGGGCGACGAAACTGAGGTC 

SerAspIleArgThrGluGluAlalleTyrGlnCysCysAspLeuAspProGlnAlaArg 

6601 AGAGCGACATCCGTACGGAGGAGGCAATCTACCAAT 
TCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTT^ 

ValAlalleLysSerLeuThrGluArgLeuTyrValGlyGlyProLeuThrAsnScrArg 

6661 GCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTATGTTGGGGGCCCTC^ 

CGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACCCCCGGGAGAATGGTTAAGTT 

GlyGluAsnCysGlyTyrArgArgCysArgAlaSerGl^ 

6721 GGGGGGAGAACTGCGGCTATOGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTG 
CCCCCClXrrTGACGCCGATAGCGTCCACGGCGCGCTCG^ 

AsnThrLeuThrCysTyrlleLys^ 
6781 GTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTOGAGCCGCAGGGCTCCAGG 

CATTGTGGGAGTGAACGATCTAGTTCCGGGCCOGTCGGACAGCTOGGC^ 

CysThrMetLeuValCysGlyAspAspLeuValVallleCysGluSerAlaGlyValGln 

6841 ACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTC 

TGACGTGGTACG AG CACACACCGCTGCTG AATCAGCAATAG ACACTTTOGCGCCCCCAGG 
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GluAspAlaAlaSerLeuArgAlaPheThrGluAlaKetll^^ 
6901 AGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCT^ 



6961 



Gly^pPTOProGlnProGluTyrAspI^uGluIiexiIleThrSerCy 

GACCCCOIGGGGGGTGTTGGTCTTAIGC^^ 



SexVed^eQllsAspGlyAlaGlyLysArgValTyiTyxlimAThrArgA8pProThrTto 
7021 TGTCASTCGCCCACGAGGGCGCTGGAAAGAGGGTCXACXAC^ 
ACAGTCAGCGGGTGCTGCCGCGACCTTTC^^ 

ProLeuAl aArgAlaMaTrpGluThr AlzArgHlsThrProValAsziSerTrpLeuGly 
7081 CCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTC 
GGGGGGAGCGCTCTCGACGCACCCTCTC^ 

AsnllelleMetPheAlaProThrLeuTrpAlaArgMetlleLeuMetThrHisPhePhe 
7141 GCAACATAATCATGTTTGCCCCCACACTC 

CGTTGTATTAGTACAAAOGGGGGTGTGACACCCGCTCCTACTA^ 

SerValLeuIleAlaArgAspGlnLeuGluGlxJQ.aI^^ 
7201 TTAGCG TCCTTATAGCCAGGGACCAGCTTG AACAGGCCCTOGATTGCGAGATCT^ 
AATCGCAGGAATATCGGTCCCTGGTCGAACTTGTCCGGGA^ 

CysTyrSerlleGluProLeuAspLeuProProllelleGlnArgLeu 

7261 CCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTCAAAGACTC 
GGACGATGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 
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